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FOREWORD 


The radio control cl models, has near pcrlccLion Modern radio 

eqtifli went offers literally anyone [he chance to fly an aeroplane, drive 
a racing cat or power boat, or helm a racing yacht with on personal 
hazard, and a( a traction of the cost of (he 'real thing". Even (he models, 
themselves can be bought |n easy.to-aascmble prefabricated kii form. 
Bur that Is only part of the story. Fta.dk> control offers the serious 
model builder (he ultimate satisfjciinp of ton trolling his masterpiece in 
operation whether purely for pleasure, or m compr t ilicn with other 
modellers. 

Modern radio conjfol equipment is bought, and used, ns ‘black 
buses'. Plugged together, it works. II it does nut, then only a specialist 
electronic engineer can ti*t£ (he fault and pyl it right. ForlUnjIcly, the 
Standard of reliability is very high, and trouble experienced with radio 
wnublled models are usually 'pilot erroT' or ‘driver trior', I he human 
element in the link Is far more fallible than the electronic element* 

THIs near-perfection of electronic equipment has takon much cd the 
romance out ol radio control arid to some e> tent lessens the technical 
achievement of individual modellers. They have countered this to a 
large extern by building even more ctahoralu models realistic scale 
models which could hardly be distinguished From the 'real thing", 
esccpt in iT?e. And aerobatic aircraft with bette* manoeuvrability than 
their full sheeountfriparts. 

This book digs mnre deeply into the ttOfy of r adiu control, as well ;is 
aiming to lie ,j comprehensive guide an ail aspects ui the subject. Thus 
it deals at some length with simpler system> single-channel radio which 
isrmw Lin the way ta becoming obsolete; and mulli-channel "reeds', 
which equipment is no Frnigw manufactured as well as up~tcndaie 
proportional systems. 

There ii 4 Very good reason for IhEl. Wilh Lhcsc simpler systems it is 
easy to learn haw radio control work*, and how radio control can be 
attempted on ,1 tow-cost basis, There is nothing much to learn about 
modern proportional radio equipment, encepl how Id install and use it, 
flul basically it Is merely an es.tension of eartler systems, with control 
systems developed dirtily from "old-lash-ioned' mulri-chiinnel. 

Knowing how these work can help. 
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Virtually ill iDDEkrn MhnlfiCfClil 
port Ltd t ii n if'mi'nl Is 1 proportional 1 , 
Eiy|*l£ CQ(tfral movtmEnli. 
Lcijmpc'ndny tu ■ h-c nWYtmentl of the 
c«itri>l lEkki irfi cht transputer, Th* 
FlcLtiDi>k,i in » m^iiery ta mDJi 
IXfhplf- tlw viriouv u nils. ari limply 
accepted u "hiiik ihn vwk. 

This li a far My irom cl« aid days or 
radio conirol where ody a iin?lc 
un-i'iii twilLhirip link was provided liy 
the Tj-amrnilior-fttelyvr SflPh'lpaliore, 
WuvE e-Jd-ly radto central equiimenl 
w 11 -ilKk lionwlw ll t by mod rlk n. 
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1 RADIO CONTROL 
SYSTEMS 



1.1 In j simple jadin irnitmi link the 
fctttiwr wortcr is i 'switch' waFkud bv 
the tramnUlttr simal and cotitroilng 
L‘ie muitisr .. Ircuir. 



‘Cm 1 

1.3 Wi|b the Transmitter slj*iat 'D*C 
the receiver iwiEchkig jetton k jI'. u 
'ON'. 



*Ar ilg-al 


i i Wjthihe rrjntfliiitHt s-igi'al 'OFT 
Llie ret fives switch jrtlan is alwi 'OFF' 
iKteVin* Live .Kl jjUm circuiL 


K.iiliij is 3 part of everyday Ilk. Everyone knows how to switch cm uod 
tunc a radio receive?, or a klttvisinn set. There in nothing mysterious 
about it. 1 k' only 'mystery' to most people—is how radio works. 

Redid control is very much the ana. It includes the same haste 
elements .is 'ordinary' radio WLirk [or: a transmitter which sends out a 
broadcast signal, and a reenter which picks up that signal. The main 
difference lies in the fact that the signal sent by a radio control trans¬ 
mitter a just an electronic signal. Thu puppuM of the receiver is to pick 
up that signal and respond to it by wofkihg like * switch. 

One farther clement is invoked in radio control—an ucTutifor. This is 
a device which turns electronic signals into mvchaniical output (or 
'muscle power', in simpi-fr laflgu.ige), which can make whatever it is 
connected lc m- <vr of work, The r l- Utionship be!ween the receiver and 
the ai toufor is basically .l very simple one, Since the receiver acts as a 
switch, it switches the actuator 'ori r or 'ofI' in response to 'command' 
signals setit OU( by the transmitter. 

To fake a very simple case, suppose the actuator is an dearie motor 
used to drive something I figure T.l J. The receiver operate* a(- a switch 
For this electric molar circuit. A command, signalled by slit ii.insmittcr, 
produces a 'switch-on' response in the rcLeiver, COmpktiltR the actuator 
circuit, The electric motor sLarLs and runs as long its the original signal 
continues to he given, i.c. the receiver is held irt a ‘swiich on' response 
condition as long as the transmitter continues to send out its signal. As 
soon as the transmitler signal k tUfm-d off. the receiver reverts to a 
'switch off condition and the uk-i-trii. motor stnps. Start and stop 
switching of the electric motor is lim* provided by remote control I he 
mam limitation bciug fh-fr range over which the Iransmilter-rcoL'is-ur link 
will (unction with relulirtly urn pie and low powered radio circuits. 

The basic radio link requirement* are quite straightforward. For 
simple working the transmitter has only to be capable of sending a 
simple radua frequency | RF} signal, which can be switched on and off 
at wilt by the person giving th^ commands. The receiver cars be another 
simple circuit, capable of being turn'd to the transmitter signal fre¬ 
quency and of responding to the difference between 'signal on' and 
'signal off in such a manner as to provide 4 switching action lor die 
actuator circuit. 

All oF the earlier radio control systems wiirked on this basis. Pro¬ 
vided the circuits functioned properly, fbt radio link was-established. 
The main problem was then to design actuator* which did mare than 
run-and-Uap, like the electric moluf, but performed definite move 
mcnli which could becouplftl by mechanical linkage to work control-, 
an models. Later on when more experience and knowledge had been 
gained of the design and operation id' transmitter and receiver circuits, 
[he typed signal stm became more sophisticated, making ii pn«ib|e to 
wind 'compound' signals, nndeven separate signals simultaneously, This 
proved far more satisfactory- and workable than 'compcmndtng' the 
response to simple on-off switching aT The actuator end. At the same 
lime Ihis greatly increased the complexity, and cost, of the electronics 
involved, leading to the general classification of radio control systems 
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[.-I Thi Cnhatfr rEutlvEr, With nn 
biif i jJ pmcnl iJ'ie iron JuiL la in 
random sroups., In il-e enunu "i ± 
dgfui the Iron p»rric(« ire ihagnrllH-d 
anti join up i u farm j Lcimjnuihjs 
iun«lj<.Ll>e path cumpklinK the 
actuator tiriull. 


Hi 


□rider two distinct types of working! (II (or 'sitlglg 

signal'); (2) multi-channel (or ' multiple signal'], 

Both types of equipment persist llnglc^rfiiinntl because of id 
restive simplicity and much Sower CMt; mu I Li-c flannel because of Its 
better, .:nd more extensive, control Do-s'crage., But simple classified! on 
an this basis ts no longer valid:. SingSe-channcl work-ng tnud* ilsdi lo ■* 
decree of 'compounding,' or signal modulation without nevtiidTity 
involving complex, electronics. In fact, the original multichannel 
systems were a straightlorw.ird extension of single ihannd 'tone' 
Signalling. These wore eventually replaced by fully proportional control 
systems which instead dI 'on-ofl' sw«l thing at the recelvw end provided 
actuator mavemenl in exact response to moverrent of . control stick 
jof wheel \ at the transmitter end. We shall we how flwse various 
systems developed. 

The first known examples ol radio control ddte from the beginning 
ol this century, In [HUS aPralcwor Branly dcnvonstritScd the fMhioti- 
operation of machinery by radio link I the first known example of 
induft.trr.il radio control and in the early iMUs a demcmstruilon ol 
remote control of 1 model airship is reputed to have been given in a 
London music hall (the first floated example of model radio contrail, 

I he equipment uyid was very tmide-a sfwirk transmitter (rwthlrl# 
more or less than a Morse key}'and a coherer receiver, the latter 
ftmiliting of a jlass tube partially filled wilh I me iron i dings or iron 
dust, {ftgWV Anything electrical that produces a spark tan uuse 
interference on radio, as is well known. (It is lor this reason that spark 
transmitters were long ago made illegal). Interference is caused hy the 
fait that a spark general vs .. i.idlfl frequency sign.ii h over a very hroad 
range of fre^utmcits 

A coherer receiver works in this way. Iran dust is a magnetic 
mater U Assuming that il is fi-sl lying in random lashrtm i-n the lobe 
the presence ol a strong UT signal will cause each particle lo become a 
magnet. These Liny magneLs will then immediately I nk up in ihv Fur™ 
oF a chain running the length ol (he lube. Since iron is also a conductor 
ol electricity this chain, once formed, can complete an deetrlcil efrtuft 
between contacts inserted in each end of Lhe tube. In Olhel words., (hg 
coherer has been transformed to .in 'on' swit(h Im .tnv nslorrijl circuit 
connected Ha Lhe lube con tacts. To b^eak the chain., .md thus switch 
■off when the K.I- signal is removed, it is necessary to tap the tabt'' 

LnleresLm model radio control really -started irt the mld'-l930s, 
principal I y in America. To operate any radio transmitier tejmHy it was 
necessary to hold an amateur radio licence and so initial development 
wnrk was largely restricted to amaLeur radio enthusiasTi, and mwJdleh 
who had also qualified For an amateur transmitting licence, working on 
frequencies allocated lor 'ham' radio. Aeromodclkrs in particular were 
att-rscEed to radio control-the United States also being the ■home’of 
the mass-produced small spark- itnilicm engine in si/es suitable for 
powerfng model aircraft, which evolved at Lhissame period. Bui the 
tact that tally j radio contmlled model aeroplane the modeller atsC had 
to he qualilicd as a radio amateur seriously I mi led (he number of 

















WT.iL3 


TZIlJiHrif mi,- 

fl=-£LS3i-liL?X _ 

«[. *.■'■ lot*- 

... 

••I 

£.aiyp&A/_ 


Tft* rt V ■*#! 

f%rtrmj rrf 

ikaiicr, frzm vnlr’i 
■ k£ 2 i n-Uua tUL 

■rl-.Tr 



00 ws 



1.5 A l,kwice, -■■'iUEd l!V [|W P 0 i | 
Ottifci, is iieu^jey Iwlnr? no£fa Unit 
.iny irumJtJ mtia ujntrai Etjuipmtn t, 
Nd pr.ii i'i. ji rtsi or wriLian 
cuirtlrmior H jnvqlteil: |o»E fill it* jfid 
rttirrn ihe Application Fours 
rtHdHUW* Crmjs: 

The Ministry g( PKwu arnl 
ttlLLLirnmunii jM.-.n 1 ;. 

WiLrrlaa Dr,[1^ lloijw, 

Lcnlduri SCI, 

I h* coil of J Luton' 19 L 1 . 50 , Him 

ipwring a fivE-yEtr pcri*ll 


?]Ab<iv< tml tMini'll’ ul valve 
trin^j^iciE alfljlr-thdhPii'l UWnsmllMr 
□f Hie lype winch tiroilfled pojiulir 
i'i |j: ulfi ug CD the early l? 70 'h 


individual} Cyni r ib-u Ling to these early stages of development, Nevirr- 
theless, tonics*!;. lor radio controlled models vrtr 6 included in pre-war 
American National ChnmplonsliFps held at centralised venues. 

Tliis licence requirement, incidentally, pLTsisEed in America until 
1952 when ihe Federal Communications Commission (TOC) eliminated 
tlw code and writiun e!sami«i.iriuiis required fi.M iicertced operation o*t 
27.255 MHi! ami -165 MHr, previously most oF the work had been done 
on the SIMP MHj! amateur band, whldh required an Operating FiueriCe. 

I he position was rather different in Britain. There was virtually no 
[nicrevt in model radio control until after ihe war when the (then} GPO 
allocated two specific fresiuency bends foi mwlet radio control use, the 
necessary licence being obtainable on .ipplitailou. These hands were 
26.U r > MH/ lo 27.28 MHj and 4*4 MH/ to 465 MH i The second 
(higher! Frequency bind presents considerable technical difficulties in 
equipment design and construction .md has been little UvC'd, eithei in 
America or Britain. The 27 MFU band became the virtw.il standard for 
model radio control work all over die world American modellers 
changing qyer from 5-5 MHb to 27 Mtfj with the casin|(Of their Ikuncc 
requirement.?. 


AJrCTJfl Wflft always Iht mast papular 
lubjEd 1'ar rciito LPhtrof. A high wing 

I J.yput was adapted to* yrdfs, Iml jImc 

or ihc ..wi'l j jlnnutlc wahiltry i 
prmdtful in Uij{JiL. 
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*clLmtar 
1 nlr^u'l 

I-If t'Hjngci In ih? ftettlvef eyreenr 
whin iwiU,hrd an I'lupli and when the 
Kectivf r responds lu j 7 i iiismlLwr 
'ifinal (Liuih.Mn i The Till in EurPfnr in 

mponM lo ulgnal LflU)« We tteiSf tfl 
drop out, 
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1.7 Wot k ing III! bUieT wav round. IhE 
1 nnsmUlef signal: te norqvMr 'ON' ill 
iJ-iE time, folding the rEcgirer In a ‘law 
curtrtil' stale. Keyrnii !he Transmitter 
switches the sisrud "OFF\ l jusinit a 
cumin rfw In th* Receiver, pirlilng In 
ihs kcliv. Mole L-lfttrence |n ^clnarni 
circuit cuiinecElwis (a Che Ruky. 


All ni the earlier model radio control systems employed a simple 
oscillator for genara-ting the RF signal at the required frequency, with 
01 without power amplification (tee Chapter 3 ^ These produced a 
straightforward carrier wave (CW) which was switched! on and off to 
transmit commands, The super-regenerativc circuit was found best For 
receiver* (*« Chapter . 3 ), responding ip the following manner (see 
. r j'^TJjrt* t.fi) With no signal being received from the transmitter a Fairly 
high standing, current is drawn by the receiver, with a steady vatue. II 
Ih - transmitter is then switched on, the receiver current I alls to a 
substantially lower value and remains at this lower value as long as the 
transmitter sign, 11 is present, assuming the receiver is correctly tuned, 

This current change is used to operate ,i relay connected in the 
revives circuit, Thus with high standing current the relay is adjusted to 
pull in and remain in this position until receip! of transmliter signal 
produces a I ail in current Musing the relay to drop uuL. TFw armature 
ol the relay thus acts as a switch,, controlling the external actuate* 
circuit connected to it and the relay contacts, as shown. 

In practice the switching system was often worked the other way 
round (figure J, 7 ) Normally the receiver will spend more lime idling 
than responding to the transmitter signal. To reduce receiver battery 
drain, therefore, it is better to have the transmitter signal prescnl ail the 
lime (holding the receiver in Its low current condition J. A command is 
Ihen initialed by keying ihe tram muter signal off, which causes the 
receiver current to rise, pulling m Ihe relay and changing over [he 
switching contacts. 

One of the main limitations of this system was the relatively small 
change n current available Irom simple single valve receiver circuits. 
This called for use of a sensitive relay, and very careful relay 
adjustment. 

Performance was much improved by the introduction of two-stage 
receivers, although this increased the number ol components and bulk 
and weight oF ihe complete unit. Ey using the first stage as a signal 
detector and the second as an amplifier it was possible to produce much 
larger current changes, making relay operation far more positive and 
less critical. At Ihe same time the receiver could now be made to work 
with a low idling currenL falling virtu .illy to zero on receipt of signal, 
using this to trigger off the second stage which could now pass a current 
of 3 to 5 mifliimps, or even highe r when transistors beams available 
for ih* amplifier staged). 

The ne*t big step was the .adoption of a modulated tone signal father 
than a simple carrie; wave for transmission. Basically ihlv simply meibr 
superimposing a lower frequency (usually an audio frequency, „ind 
hence Ihe description fame) on the original arrlef. The Carrier Wave 
signal is on .11 ihe lime and the tone Is only keyed 10 modulate the 
artier when a command signal is required (figure L8). The receiver 
circuit is designed to have a moderate idling cutrehl wilh no signal, 
which falls to a steady low curren t in the presence of the CW signal. 
When the CW signal is modulated wish tone this is detected and 
expressed in the form ol a current rise to a steady maximum. 
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1.B Wilh a Carrier Wj™ ngnal IM 
rrinunsc li ■ "Lurrcnt Tali'. 
WH& i Ti>H< Modbljled siH*ul Uhe 
ReeeImt rEsponsf It a 'ciwpnl rise- 1 . 



TDdiv inn a tthkJeI TulfcOptMl ljR be TTO^n vctNclhr milder Mil»n 
twiijbl-irihig praporUruui *c^u in« tvp* of fly lris model wai tinaught 

'knpostfW only i few *sn. 


Line L-p of models j I an eiilv radio CC-nifOt contest In Erin In, F' lying «^lam 
£odld IM ruined by |I IflJ'i Winds bECWce of chE limited corilrol available [ratldEr 
only I. 
















T'l pi-iil ample q ( an eirl> 
Hfiulkrt rtl.i', , ai usf d In 
iflLCktiS 41 Shu switch ingriEment. 


A-imncr cxa-mP'lE <*F (tit iype qF (jMidel 
which can be flowi sjUIv with mails rro 
twupmiidfiil rjjiu Luncriil. SLjli.' 
n(»J^I sUbKCIfr-S^'l iHElna hack |n 
pre World War I are eo»ntS* 
popular. 


At first sight this may appear ji more complicated way of producing 
the same results as a CW system. However, there are a number oi 
advantages. Fof one Eh-rig.. It ti a simple way of producing a ‘current 
rise'feet I vet, undo I achiwihg a good current change wilhout resorl Lo 
it h«gh degree of amplification. Thwe is also the fact that since Lhe 
receiver Hahnays Influenced by the CW being present It tends to lot); 
onto this particular signal, which considerably reduces ill susceptibility 
to- any interference from spurious sismiis of adjacent frequency. A 
wsondaiy effect r>f this 'locking on' char,icierisiic Is lhai less radiated 
transmitter power i> needed-which an be parikularly advantiKebui in 
the design of small transistorised traosm liters. 

Tone receivers were introduced tn the 1950s and hiive tfrUally 
replaced ON working for single channel radio Kmtrofs, 

The availability ol suitable transistors for complete (all-transistor) 
receive! circuits led dfrwtly to two further Important dwetapmenti: 
ihe frWfij mMm' and the it^erfref receiver , 

Reed vers so far had ulilised an alectro-medianlwf device, the relay, 
as the switching dement for the actuator circuit. The 'mechanical' 
elements ol the relay the moving armature -md fired contacts are 
external to the relay circuit and aTe h in fact, merely ,i mechanical switch 
lor the actuator circuiL '3 he amount of current which Uin be Switched 
in this manner is then governed only by the broiling cUTTent loading for 
■he relay cuntae Ls used. Within Lhlslmut, if the actUatoi ruvils a higher 
soilage (or current) to operate properly, I her, it rfortly necessary In 
increase the sine oF the actuator ballcry. 

Transistor circuits made il possible to increase ihe of .implifl- 

cation possible within the receiver circuit itself, without unduly 
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Rtljylws jl lr-imliii.il itinE rEEEWei 
*lth n.i1r!iii!., EhijjiEfnEnMVOE 
dLCuatL'T, 



Tlw iEd*y|ettl*£tfr*r iriiu.iL' i#ie jfe e ind wfliehl ur a un 5 lE-char.rKl rQC«iver Id i 
Cl jii Imutn—IS esi than one Oil lire ih som* :jhi. It rn-lil-r puiiiblc radio caniml gl 
niodck Irj' ih,,n IS ImthEatptn 


Increasing Lhc-bulk and weight of 1 he receiver, so that the final current 
change could be- high enough to operate an actuator direct. Making Lhe 
last stage ul Lhe rEccivnr a high current switcher circuit. Therefore, 
ellmina'lti the need for a relay at -all. The actuator tan be connected 
directly to this r^rroit, and ch j-w ns current from the same battery as 
the receiver. 

The advantages are obvious: a savin®, in hulk arfd weight Jura 
complete receiver instaltalioo by eliminating both Thu relay and the 
actuator battery; plus the substitution of electronic switching Instead ol 
mechanical switching via relay contacts, eliminating relay adjustment 
and contact 'wear' js possible sources of trouble. 


Tii« liuivE TransfluiHar Lnntlnmed [<j 6 j E 
LSEil tor Mi™ mm? jT[[. r j|| crj.nsli|iM 
rrrelvErs bt-UrriE itantfanJ. EsEnUully 
It wxt rtjiuteil bv ihc aihiraniJnm 
transmitter. petmlulnfi a mbuanUal 
nviny In battery 5<?t and sralghT-ind 
□perj-rlng still. 


However, this, is not j complete answer pi simple receiver design. The 
switched current available is direct output from 4 ralayteu receiver ts 
limited by the loading permissible on the final stajjs tranilslora. This 
means that The actual load-the electrical resistance of lhe actuator-has 
to he matched to the receiver Ih practice this means th. 1 t lhe choice ol 
type of autojtor is limited, usually to an escapement with j. toll 
resistance of the order of S ohms, 



A sedontfnry disadvantage i- that since one baLlcry nuw supplies both 
the receiver and the actuator, the tire In on the battery can be quite high 
wtien the actuator Is being operated. At The same time Since the 
actuator itself Is now connected into the receiver cjrcuil, operation of 
the actually can cause interference in Ihc radio circuit, The question of 
battery drain Is not particularly critical as a nickel-cadmium battery can 
be used instead of wtall dry batteries and readily meet-, the full demand 
requited. 1 he weight oF nitkd-cadmium batteries is quite low, their 
performance under load is mure stable than dry batteries, and they tan 
bt re-charged. They art- Thus a much better proposition Jot working 
miniature and sub-miniature rdayless receivers than pen cells, although 
Their Initial cost is higher (see Chapter 21). 

It is possible to treat (his question i>f battery drain and interference 
ih .mother way Thu ft- jyless receiver circuit can be designed m lake 
two batteries, one for ihc radio side and another to supply the output 
po^er via the final 'switching' circuit This has the further advantage of 
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-Writer example nit the compact 
-UTaragement pfcilbl'" with an 
jll-trinilimr sinUlf-Ch-innel Unit 
ittelva, 


making IN; receiver circuit as Independent til intc-rlcrence irnm the 
actuator as. a normal rotay recdvtf, A number ol carnmcfCWl reUyleys 
receiver^ have been produced oh this basis, alLhuugh llie: u-.ii.il farm 
adopted is a straight single b.ittery circuit.. 

Sirne a ralayicss receiver requires an actuator match ed to Its switch 
lug output, there is Still a demand and need for relay rwaiwiri- 
particularly !ck use with motorised actuators i«e Chapter G}. Modem 
circuit designs usually follow the same form as that of a Tdayless 
receiver, only In 1 his tout I he relay cUhiKSCted in I he output circuit 
iarms Lhc load, instead of the actuator This means a low resistance 
relay can be used ItiiMly with a coil rcslstirvw ol 30 to 5(J ohms), and 
because ol" the high current switched through the relay coil il can he .1 
dmpk-, non-sensitive type, providing positive and reliable operation, 

Musi modern ilngle-ehannei ailLrarisistiJI receivers, in fact, are 
produced in either Yclaykss' ot ’rotay' Form I he two circuits are 
identical. In the first case an actuator [escapement) is connected 
directly to the receiver output for rclaylcss operation. In the second 
case lhe receiver panel intludus .1 relay mounted on il, and connected la 
the switcher circuit. Thu actual output from the receiver is connected 
to the relay contacts, vstiich function as a 'mechanic,il' switch 


SupUfhet ^ct-jVtTs 


*()nc 2 7 MIL lidnin«lll*l npcrjling 
w I usuaUs itlcct ipr> superregm rc- 
Lilvel, whcirisr luncd in 1*1- that part:- 
iijljr crjn-.miLLiT d> nPI, ever a rangb 
which may be -fivtrqt miles iw muLh 

Hi |r,lcjieflL-jing ui> Lhw puwCT ul «he 

11 api^m illcr arid I hr spacing of the 
tcudiwi liininn trs the as Ii.j .1 sJghdl 
tre-qi.en.rv SiammttluJh Increasing 
ilnCance will r«N«, and tindlv 
cliodnalc, intErfprnnCE, faeC-juvc UU J 
sipnjji breunir su muCii wealer, t-"ur- 
Lull Ctrl v I fir ran|D ul moitcl radre 
control IransmllLrn ri limited. Ollwr- 
■*,se apcraLioti uf PhD ir*p;[YiiifEr 
could VirtuUly bfen out Whale accja Tor 
USfc tsv urln:i IrimnilUrT-IMelSM 
cam liinali-atis 1 
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The- superhemodyne or supefhi’t is .l more highly developed Type of 
receiver ureuit with the advantage of providing a kr greater degree of 
atectfvity The superregen circuit works well as a receiver, but its 
tuning is Inevitably broad and even the besl of designs dues not have 
sufficient selectivity to reject spurious signals several hundred Mir 1mm 
the true signal to which it is tuned. I his mvah". ihal it is not really 
possible to operate more than ooc superseg^n receiver at a time " m 1 he 
27 MHz band, even if tuned to opposite ends of (fie hand. Also, of 
course, an individual receiver is suscepteble to Interference from any 
Other sources ol ftf Itanvmhikm overlapping the 27 Mhu band. 

The superhei receiver tackles this problem by providing t,ir greater 
selectivity To signal frequency, so ihvii ‘-purious signals even dx lul k a* 5 
kHz away front the tuned frequency ate rejected. The transmit tel / 
receiver cirnibireitifin, in fact, tunes ,mil works on a ’spot 1 Irequcney, 

I |se eaperhet rE CEh«r circuit ii diblii’tlilshcd In- III 'cjn*' or IT traiiilulinft SfaB«. 

















E«n ifie illrnnstfior rccrtetr gm 
ii-ji n Lin-irIr.iLcL and milky when 
ilCVi'IVm'd !ut riml I ih im«' irorMng. 


.ind only other transmissions at that particular "spot 1 frequency are 
likely to interfere with LL Within the per milled IrartSfilittiflfi Tr o-quimcics 
of 2fi.lHv27.2fi MHz it i& Lhus possible to select .j considerable number 
of different 'ipcil' frequencies Cur working, making t! possible 10 
Operate lhat number .if receivers simultaneously with no interference 
from transmit tcri working another ‘spots 1 . 

In practice six standard ‘spot 1 frequencies are employed with ^D Hz 
spacing. It Is possible to split these further, £.& doubling Lhe number by 
adopt mg 15 kHz vp.it ingv; and possibly at some lotcr date 1G kHz 
spacing}, may prove practical. 

The introduction of the SUperhet receiver »lv«i a major problem by 
making simultaneous operation of radio cxmlroltcd models possible at a 
particular site: Previously other operators had to wait whilst any one 
modeller was operating, and take turns for radio spate. It also 
minimised the effects of interference generally and made il possible to 
develop ism ire complex radio control systems with an assurance of high 
reliability as regards signal selectivity. Otherwise ihc aperalihg principle 
remains the same. Supcrhcl receivers arc produced in both relay Hiss and 
relay form. They have not replaced the su per r rgen receiver, however, 
because their cost Is appreciably higher on account uf the greater 
complexity of the circuit and the greater number oT components 
required Thus they offer an alternative lor Ihc modeller seeking more 
troublefrcv operation on single channel working; but the super her 
receiver is an essential feature ol all the more sophisticated pnjpoftioriai 
control, systems. 


bluithcfainnet working 

The sJngft-channel turie transmitferireteivcf orumhin.it ion uses a single 
toot signal with a frequency of anything between 2DO and 1000 Hz 
super imposed oh the carrier. The actual frequency is not imporLanl, 
and receiver's deigned to match will usually respond to a broad range ol 
tones withm This range. 

It the receive* is made more selectIve as far as tone response is 
concerned, then there is the possibility of utiltsinjjinofi; than pne tone 
Signal superimposed on the carrier arid thus arrive at a multiple signal 
radio link. I nis is the principle or ftiyifi-chamiet working, as it originally 
evolved. 

Basically ihe trahsmliter is the same as for single-chjnnel, euccpt that 
there .ire a number of separate tone generator circuits (one fee each 
tone required!', any one of which tan be Switched on to modulate the 
canrirr with that particular tone. The receiver IstUhed to the carrier 
wave frequency (again as with single channel Working), but must also 
have provision to respond to each individual tore separately, SO that 
each individual tone is identified os a separate command signal 

This can be done electronically, using tone fillers in lhe circuit. Each 
lifter 'passes' its particular Ei <nc Eo produce an output (eg. a current 
change to operate a relay), but blocks other Lone signals. There can thus 
be as many switching outputs (e.g. via individual relays| as then' are 

17 





filter circuits. In practice Lbr PUfflfcwr uIMjcIi circuits was gFncralfy 
limited to two or three. Since tilth output circuit control* it* own 
actuator, this provided two or three channel 1 working, respectively. 

Multi-channel working usi-ng receivers with tone fillerb was developed 
mainly in Germany .md America, with up to six c-h.inn-s 1 N being hwde 
aYrtrlHibk on it>lnciurd commercial equipment. 11 remained ■ riv,iI to, hut 


newer .tLliiL vcd the nmc scope or popularity 1 , (he rwdi>tfnk system ol 


tone Identification which origin,nud almoil simultaneously in Britain 
.tnel the United Stales but wan mainly developed in the latter country, 


The main disadvantage of .1 tone-filter system is that AF Irlter* are 
not nearly as select 1 st as reeds and shi the channels must be mwe widely 
spaced. Also it is mure difficult to filler two tones simultaneously, due 
to the presence ol harmonics or 'm xc& >, Also AF iil tc-r units arc 
heavier and more bulky rhaii a rwd hank designed to handilc the same 
number cd lanes, mainly because the AF tones which can be used 
require the use oil airly larjjr u putters and inductances in the tiller 
circuit. 

A read 1 hank is rather like a relay but instead of having ft single 


Tone receive i wlI h annc-HiEEr circuit. 


pivoted armature hie. a number of Fixed reeds or flat meUl snips 


mounted over the CO if Each raid is a rcsonaLor'. lh.il is In say. It wil! 
have a natural Irequcncy rjf vrhsallon or rewmwnf frequency , depending, 
on its length, wsdlh and thickness (and the metal from which it ss 
made). Reed proportions are thui carefully selected so lhai each reed cs 
resonant at a particular tom,' frequency. 


F .5 With a Mt st'seiwhiw need* (a 

Hrr.l Oink}, ejc|s Reed retpnrdi lira 
particiiljr Tone signal rifulvaJent Eu the 
rewianl freiiiienty lif Ill-C reed. 




Responds to Tone 2 


Responds to Tone 3 
Responds to Tone 4 



Early velve-tfirtillttW H*iHypa 
FieafHT, 
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RM bar* 

B(tlv*¥ 

MO ftiile fWMflUy (»r J ungj-r ft*iJ in 
t Reed flank, Thfi vtbrjlini; reed 
campHWi [he circuit to She RkI.iv 
IfrrnnEh [he CoiiticL 
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1.11 Tb-K simsvrs [he tkclrkii! clrcirlt 
Ol a ‘-iriilt' Reed, Thr C*|i*i har act* as 
^ ve-HTivoir' !u juppJv j twi ilnuoin 
ninvnt rn PiC'ld rl*e itljy in when ihe 
seed ■; sit*rari-i;.-, A Htaljlnr is Included 
h tin circuit 1o Midi I dhe pwib current 


C«ti[kKl lyps of ilMren-slsaor 
nLlli chjni i l r«il so^ertiet recf-lvri 
(l»l* ihr IF cans) riiiicotiflgur^rlSh 

rei«iined j |foM it-jiOsi4il>: for ve-ars. 
bol jiflmjrllv 'dtvilDptU in the United 

I HWI 



All the reeds are mounted over the top of a ou-ii with j. magnetic core 
\f($urc- f. r J) which is connected ir* the receiver cincLtfE In the hirm 1 
manner ..ti a relay. The 'tone' sign.il is. however, led through thii Cull, 
.liner detection and umplffi canon j* oeceuaiy. Thus the coil in excited 
with an al Eernatling current having j frequency corresponding to th.u of 
the tone signal When Ihis corresponds to the resonant frequency of a 
particular retd, the reed will he set in vibration md continue vi hr al i n;,.; 
as lon^ is that Lone signal is held. 

the .unpli tude of vibration of each rc-.id is I .mil id hy a stop, which, 
also acts ,i> ,i contact {figure 7.70). When the read es vibrating it will, 
therefore, touch (his contact during part of each cyck of operation, If 
both reed and contact are Connected to a relay circuit, as. vhifwn, the 
relay c-cil will be energised uni’men Lardy) once fof each cyck □( reed 
vibration. 

The actual period during wh kh the reed is touching the contact will 
be tfuiu-smdh probably nf the order of 1 to 10 per cent of the* 
complete cycle oS vibration However, *f a capaciLor is .ncludod con¬ 
nected across Lhe relay coil, this wdl acl as a 'reservoir" to charge Up 
whim contact is made and then discharge when the contact is In,:,ken 
again to maintain j flow of current through the relay coil. In [his Way 
the relay can bo nude to pull n and remain pulled irs through Lhe whole 
•of the reed vibration eyek, In other words, excitation of Lhe reed into 
resonant vibration by passage ol a particular tone signal rhruugh the 
teed bank coil operates a relay to give a switching response (via Lhe 
winy contacts) to control an actuator circuit, This is the same as basic 
sirtgk-channd working except That bolh a reed bank |iu respond to the 
lode signal) and a relay (|o switch Lhe act oat or circuit | ,m Involved. 

Vlany reeds can he- mounted ii j single magn-. i i circuit and il each is 
of difforenl length, each will resonate (vibrate) at 4 different lone 
frequency. Any particular tone signalled will, therefore, energise its 
Particular resonant reed, which will in turn cause the relay connected to 
it lo pull im and bnJd in, completing the switching On ol an actuator 
tircu-i connected ro the day contacts The; system will have as main 
channels (or command signals) as there- .ire- individual reeds, with each 
reed having in own telay (to which can be connetlcsd a separate 
actuator circuit), 

The main limitation with this system is ih^n the Cone range murt lie 
wiLhin one octave, js she individual reeds wIN respond to harmonics as 
well as fundamental (one frequencies. This otUve wifi also lie within 
lhe usual tone frequency range of 2 SO ty $50 He. Lach reed, therefore, 
must provide sufficient sensitivity lor indejH'ndrni response within one 
octave, i.e. have a narrow kind width For response. The greater the 
number ol reeds used, the mote sharpfv peaked Lhe resonant Ire 
quundes of the individual reeds need lo be. This places a premium urn 
reed design and precision manufacturer; and also adjustment Thus the 
Irswcr the comaci position, |i.o. the mole restricted the amplitude of 
Lhe vibrating retd), lhe greater the hand witl lb over which contact will 
be made. Nevertheless it is practical to produce reed bands with up la 
12 individual reeds which perform satisfactorily, i,c. giving up to 

19 









































» TWlIl 


1.13 Practical values in a Reed dr mil 
cum mantling a Rrliv v> iih 1 SHOO 
ohms toil resistance and living a 5 
mllH-imp cyn*n( through the relay 
roil, 



-T^- 
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2 rr A 
ID 

Curmni 

■» i* 1 'i ii 
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1.1 1 In itriykss- D|MraiiQ>ll ltK R<“'->3 
contact tan ewry J !nv*r current ft,g, 
or ilhe order dF J ri.lii.iTpi) This 
LUML'nl is “it i birintotJ try an 4h»plili4r 
circuit In pro* idr a high enough 
curreni ro nricrjEf an actuator direct 
imleiil ot bring ■■ v- i1 1 ‘iI by the 
GOfttKli of a rel.iy. 


12nhatWld wflfksnt SfutuitaKous operation of individual reeds also 
possible, although not usually on adjacent r«di. 

Apart from practical (actors involved m ihe design and construction 
d lIk reed bank ii»H (which is a very crilical Coropuncnt), there ^rc 
two mjth dlSidvJnLbges of the reed system so far described. The first rs 
the fairly obvious, one of hulk and weight. En addition (■) the rerd bank, 
Itself lair I y bulky and heavy, each channel needs a relay to Cfimptetr 
the switching function e<i control the various actuators 

ihe second is CrtUMrned with current values. E h<- Ritual current 
carried by Ihe two contacts in each switching circuit (f«d contact and 
relay contact) ks considerably higher than the nominal operating curreni 
of the relay itscll , due to the low duty cycle involved. ThuswEtha 10 
pt-r ^i:nt duly cycle, and with the relay drawing 5 milliamps, say. to pull 
in, peak current values ol up to 10x5- raHEfamps may be carried 
by Che contacts, which can cause pitting and burning and troublesome 
Operation. It ii necessary, in fad t to Include a resistor in series in die 
circuit la limit the ini rial or peak current wheh the circuit is first 
closed lo ,m acceptable value. Unfortunately if a high resistor value ns 
used to produce a low pcakcurrenL, the current through the relay will 
also suffer. It ii thus usually necessary to limit the resistor to a rcl.U' 
rvely low value (e.g. typically 47 ohms} in order to obtain the necessary 
current through the relay for satisfactory operation, a nd Lo avoid 
excessive waste at baiter y power, 

Considerable improvement is possible wiLh nefoytess opera firm Here- 
the power output handled by the reed contacts can be kepi quite low 
(typically of the order of 0.? milliamps), which un then be fed to a 
curreni amplifier in the actuator circulL A series t«h*or is slill needed 
to limit the initial peak current, hut Ihrs time its value can he relatively 
high [e* typically 470 nhmif, Apart from ihe considerable saving in 
bulk and weigh!, 1 he elimination of the relays also reduces the number 
L>f contacts effective In each circuit to two (those on (be reed oank). 


(RlgMf Willi rally working, t-ldi reed channel required 
DISC relay 1 his added ccm-ilderably Id tlhe bull, aril weight 
qf 1 he re-pelver. 


fBclOw'l 1 rdrKl-SEPr-ainplllter ckelillS for relaying 
qperqllqr df muiti-channel lefviSS. The L ri'-iped L-i i rrs 
wn designed Id Hi Inside rlw actuator citing. 
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1H Slni^lt-Lhirmrl ii^njllinp, ii ciLh-rr 

'ON' w 'OF F' riiHl shu xluilar tan 
cih ! 1:110 V.- ihw tw|1fh inf) 1» prosM? 
rofllftil mavcmcri L ON -OF T in 

HiqOEntB. 



1,1$ t IE th ree undttham, fl-1 a- 
I ■vo-d-.anne I Tone Ifjt .milter iit:> 
Cjrrm WaVi ijiiiv Iwnl cafiliiviMKJily, 
Wld III i rsiui'lliiril! [0 'IWh ) 

CprrtwWame plus Sana 1 Lcainen^niE I 
“ON'J 

Carrier Wd‘c |Hui Turn; 2 (cnmnuiHi 2 
'■ONJ 

This ir c-ir - irui cpiKiSlte control 
posi Linns provided !:■. i nuitti 'channel 
j.l'.ulcir citl be idcclEd Jt will. Wllh 
nocoiTiitmid |cvr Qnly),ifti actuaior 
returns to the nffurr.il position. 


Lacti chiinffrt'1 uH multi-channel working can be used to control a 
single channel actuator. Thi^, hnwescr.. is not the normal mode of 
working, except far minor or secondary controls on some applications 
Instead rwis channels are used to control arte an Lu a tor, The .nlvaritJH;r 
at this is that this provides far seitttivr operation, wbcffiiLis single 
thannvl working can only he sequential 

This con be dcfflsnrtratfd hy a simple esampte \iigure 1J4), Simile 
channel signalling applied sia an actuator to, say, a rudder control, 
only produce J sequence of movements (see also Chapter ft), vli: 
rmiiral r jghl rodder—neutral - |cf i ffuddef-neuLraS. To wgnal 'tight 
rudder' after The Iasi command, had also been Trghl rudder’ would mean 
switching through the complete sequence. 

I he Iru of two channels controlling the rudder aeEuaEor provldfl. 
ilnernjtto command possibilities, vi r. right rudder [one channel); tefi 
Tuddet |the other channel )-figure f.fS. 

1 he actuator would be designed to return to neutral on rclease of 
signal Thus Ihe signal far cither 'ri^ht rudder'or 'fall rudder' can bw 
selected at will; and on cessation of signal, she rudder will return to 
neutral. This i- the basis of conventional mull channel wricking. 


Ilow | FrppQnkpriil serwi an 
dtilgnfcl tbr tfunpict, easy mogniin-i, 
pr.tfer.ihSy on ralK oi a hoard! frOed 
irsi Jt :hd medi'l. 


































1.16 With j true prupurturnal ouretral 
sviLi-i-'i |-|m- actuator Is under 
esnururtui* m;iMini.ind from the 

EqMhllenV oi [»□ dgnil jptianrMJl. 
jnd |he Lanvaf iviumEi ipasilmsi 
ear it .|H»raini! to Lite position ■'■ 
ilie Trjnsrnicilrr Central Stka. 


1.17 SenilihH 4 pufcftS tii^nal n anE 
method of siravlflinj 'multiple' 
IniElIrGEnec via a unclt rij.-irn.'l, llu; 
tdh bt ili'iiT S>y varying the Mork-S-paw 
I dlio Hi (He pulses | th-c signal 
nr- nijirul'L-H ratio in a certipltie pillSE|; 
nr hv vary-rH LH* jl Uial Uie of puliinv. 
Tl>c bonoip -jlupa! ■•tmw'i var-able puls* 
rate whti a SO:SO Mafk-SpdC* ratln, 



Proportional controls 

Both singfe-chanoel and multi-channel working have one chaiajclettsttc 
■11 f 1111 m II*’ response is cither "on 1 tor 'all'. This cj.ii be allied lo 

actuator-. which are self-centring (rcLurn to risutra! on rdeiS* t>l >iyin 4 Ej 
or progressive (stop where Lhey are on release of signal}. 

Self-centring actual-urs ere used cm miiln coiHroly; e.g. rudder, 
elevator^ and ailerons on aircralt models. Control rripotiw achieved is 
Lhus either lull rudder movement (-cm full elevate* lit full -nlcronl, or 
centralised. This has become known as ,i 'baryg-banfl 1 control iull 
movement to one estremeur the other with no possibility of selectini 
imermedtate movements. 

With progressive response, controls ejn be 'im lied' to .» par to .jIm 
position; then inched on a bit farther, and su oil. up cu chL- limit of 
muvenwint, Further 'inching' ihcn moves the control if* the opposite 
direction. This is not suitable lor main cool ml service* since there is no 
rfhians inf telling the ctact position o I a Control at any lime (except by 
. idling phu response of the modeE, which is an unreliable fluid '. 1 because 
ol ihe lime l.iji Involved!. It is, however, the type cl movement required 
Sof a ihiultle control, and some secondary services. 

PropQfiiftwt controls aim at producing j control movement exactly 
proportional m the move me nl of a Luntrul lever (lypk-illy a "jr i yst ick') 
on ihc transmitter. This demands a more com plea me! hud of ItiiSj.'. 
since the command must hoth nitrate movement in the resulted 
direction and a! the same time signal Lhe degree ul movement called 
fur. There mu« also be some means of ensuring or measuring I he 
control movement lo cheek lor proportionality. 

Pruportional control can be obtained with single-channel sigruINnn 
by ppfsing the transmitter signal. Here the tBr'ie signal is superimposed 
on the carrier in a senes of discrete pulses, rather than continuously, 
with Ihc opportunity of varying, ihe iv/dfft of the pulses lor mark-space 
rarioj.or theru/eof poising, or both [figtore ! 17). Either, or both, can 
It: utilised tri produce a form of profior3ion.nl response, ,in.d various 
systems have been devised to operate on this basis. Those employing 
single tones are basically still single channel vySlafflS itnd are described 
In detail in Chapter ft. They ictain a basic simplicity, but have j number 
ol lunctianal disadvantages nut lhe least being the inability tu 'sense' 
the control mevemerit and compare it wild the original command, 
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1.1 H A tirLu it J« ir-i'-u j-Li jlii'1 [l|« 
■Ofklflf Ol Jis ^n«ldg (*n0pan|Qnal 
control, lhc Finback Potent Iometer k 
driven by 1 ‘m: al Luatur am uithtjLli jii 
'error ilgflaf w htn (he acrobat 
hin«n'=[it h,as not exactly (allowed 
the I. annul £lick movement. The 
pretence itf jji 'Error iKhcl' causes Hie 
dt i.'i aio f id continue molting unsll iNs 
signal falls lo roro. 


U9 Current llawshroUBh |he K*ljy 
m the analog circuit o( f ig. MS md 
cofrtip&rwflng relay jftjiliu 
pwlifcnij control I'''it d- l- switching l>I 
(he AttUJ,»r. 



True peoficirclon^l systems are bawd Of) closed loop rorvo circuit*, 
where the output provides some Form oF feedback which compares the 
position of tiiu control with the Input visual. Any difference produces 
.tri error -ugnal, which is- used! to reposition lhc actuator to its Lruc 
proportional position and render the error signal zero. 

This can best be demonstrated with a typical ana“og circuit, as shown 
in figure 7.1 S. The actuator in (his case is jn electric motor, the 
switching of which is controlled by a relay. The actuator will drive in 
either direction, depending on whether Lhc relay armature is pulled in 
or dropped out. With the armature in the mid position the molar 
circuit [s broken and thus the actuator remains stationary, 

Assuming that the relay is adjusted to pul) in at a current of a Mile 
over 2 milllamps and drop out at . 1 , little under 2 milliampi, a 2 
mi hi amp irput signal to the c ire nil will maintain the relay in a 'nulT 
cor dll ion with the armature mul-way between the contacts, this 
condition being ?ct up by appropriate adjustment of the control 
potentiometer, 

if now die control potentiometer <i moved to decrease the resistance 
in circuit the current will riw, pulling the relay -srmaiure In ahtl aim 
FdctinEt Lhe circuit for the motor to run in one direction, Coupled to the 
motor movement is a second p-otentjoatietw of si mil,it value to itic first, 
hut connected the Other way lound. Thus as the motor drrvo Ihe 
potentwmiher in rhe direction nitrated the resistance provided by lhc 
second potentiometer increittt, until A poirt-E is reached where [he 
increase in resistance exactly balances the decrease in resistance given 
by movement ol the control potentiometer. At this point ihi- relay 
current will haw I alien to 2 miliiamps again, giving a 'null'condition 
For the relay and switching o£F the motor. 

Basically, [hcretore, sudi a. circuit is stable (stationary | only with 
nu9)' conditions for ihe relay. Any movement oI lhc control potentio¬ 
meter will induce an ‘(STik sijjnil' due to change ot reiisianc-c in circuil 
causing the motor Lo drive m one direct Ion or the other. This 
movement is used to operate the feedback patenliomctEr, coupled m 
such a way as lo compensate for the citijjin.il change in resistance and 
restore the circuit to its 'nidi' condition ay^iin. Thus the reedback 
control provides proportlomf movement of lhe actuator relative Lo (he 
actual change In inpur signal (i>r actual movement cl lhe control 
polenLfometer). The actuator will then remain at this commanded 
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1.21} 31 mni all pi ode rn t rl iu cum U l>I 
systems iff based on tJlUral 
I'. -.9 ;iLiriK ii-i.iI |rstulllgf n« rt nccdii Jl 
I tie Transmit It r in lilt farm a T puliei 
ji Variable width. (Mn|{ i » 1 oduiALr<.i 

RF Signal (ii ihc typItiJ form ihown. 

Compare shis si|!nj4 wliti (Hal nf simpii- 
Tone MnrtJilated f[F Shawn In Fun J.fi 
und 3,5, 



pijsiiloti as lejrtfi .is the control potentmmptcr remains m ihe position it 
to?, bcch set. Thus any ptwitiim from neuLrat Ui Tull throw »n oiLber 
direction c.in be wt up by jpproprL.it* movement of th-.- control 
potchtfonieHr, 

AH analog systems work on this basic principle of a varying 
'command' resistance (equivalent Lu jn intinitcSy variable L>C volume 
imposed on the csrcuil by control slick movclflcnt}, wish pf open 1 1 tuna I 
movement of the control determined by a feedback potentiometer, 
Separate transmitter and receiver circuits me, i course, imrolvdl rather 
than the simple integral circuit described, with the rntel lienee vncnifed 
by the transmitter and decoded by [he receiver JH£l actUJlor(y} (■>£* 
Chapter 101. 

LHgital systems wor k i_m a similar Ijayis of eloped loop servo circuits 
wtlhi feedback, but tto method of oriftratfra the command and 
providing kedhjck efifk-rs considerably. Basi cully the transmitter 
encodes the signal in terms i>l p-ulse-vor variable width, which arc 
decoded ai the receiver end in terms ol pulse count 1 [again s#e Chanter 
10}. 

Proportional control systems represent ihe ultimate in model rad-o 
control requirements, They «n readily provide for multiple controls 
(sitvHilunooijdy operable as necessary} and Infinitely variable position 
irkjj. |with true proportionality ui movement ensured}. Multiple controls 
ate essenLial for complete cantiol of many types ol models, p.irliuiUrlv 
aircraft. Proportional Control respuose is jtso mj much more desirable 
than hang-bang movements that modern props*Initial systems have 
completely replaced all original mulli-ctonriol systiints 

At one Lime uwav thoughi that ibe eanslderabl ■, greater complexity 
on the electronics side would inevitably mean that thccust of propur 
tional syslcms would be several hundreds of pounds, and Lhus well 
outside the means ol Lto average i adio Control enEhuilasSs hWevef, 
intensive development and large scale piuduilmn (pattltuUrly In 
Japan], broughL prices down to be directly comparable whh leed ."id 
tone 1 i I ter mull i-channcl oullils. The latter Ihen ceased lo to 
competitive on a price basis, wh ch was their sole h-jpc il surviv.-l 
against fully proportional systems, and many lac Lure ol multi-channel 
equipment was discern I mued. It had served its purpose ol showing the 
fiTC.it value or multiple controls which enabled great advances to be 
made m the design and performance nl radio controlled models. 


1 h# prapcrdDnal truismllrrr is uujuIIv iliitlnyuishtil hy a LDnlml tljck capable ol 
pmvidirsu pntpuf LiPna! lunliwl sfc.’uh uu Iwo tharlhals s~mull anr-frii.d'i . S MpillU 
wiin control is atso provided lor fiL,li chanriHl seen to nee sMr an,t unrSti the 
tfJck, 








































































MniHi tontpai ^Bnalf hjwc only a 

limited rjnp.s due 1st she la 1 * power 
trUismllUK used, but Lbli ii tiuiL-r 
di.<(juiic u> control model alruait In 
flishr w||-h|n rha r*n»e nf v^muitv, 

Nqie pfnrunt an tranianlttEr aer ibI 
iLlr-nlilVinK [ha 'tpai' he^urnut Hiii 
Erinanliwr fcoiHriitmE on. j Radio 

MDitEjter Phalli. 
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BASIC RADIO FACTS 



I 

t 


i I l J t*rrlOi*i ul fhc nilta ftsipitiicy 
.pcLlr.ifn bhottriia Ehc flositmi or IJie 
ihrEE ratio caniral h^mK. 


K..Jiu waves travcI with the -peed nl light about IRfi.OfK) mi levpc 
second or 300,000.t)lM metres pa second and can be gcncraLed by any 
radio frequency Iftl ) LurrcriL I lowing In a icrcoil. RT is in allrmallng t 
rather Uun a steady current. jrid the fttquiftty iv lhe number of 
complete waves gcneratfjd hy the source In one second I he correct 
description is ‘cycles p e r v.liiithI\ for which the- abbrevtailoh cpvor 
cyclcs/scc was originally used This is now replaced by rhe ter m Bate, 
abbreviated Hz, meaning 'cycles per second’. 

Rodin waves .ire generated .ir very high fr^quonefes, ranging from 
about 15,000 Hz op to ! 00,000.000 Hz and beyond. T 0 avoid quoting 
Urge numbers ol zeros abbreviations are normally used kilo or k Fn| 
1000 and mega or M for |,.QOO,OfK1. Thus the range ahqwq would b« 
written 15 kHz to MM MHl, 

This spread, or radio frequency sf>i*ct[ urn. is roughly divided amlo low 
frequency (Ions vriiwfength), medium frequency (medium wave}, high 
frequency {short wa.ve(, very high frequency (VHFI and ultra high 
frequency (l.HF|, all of which an used for vafious bruadwit JpplicJ, 
tiorts, Specific narrow frequency ranges cm botnJi arc allocated for 
amateur broadcasting, transmitting on which requires an amateur 
licence, qualification for which requires passing both a written examina¬ 
tion on radio [ethnology ^nd a practical test in Morse codMr.idismission 
.md reception. One specific band, however, is. allocated for general use 
by radio coni i of modellers in the United K ngdcuis the 27 MHz band 
wilh a specific width Irom 20.U95 MHz iu 27 255 MHi. Transmission 
,i| frequencies withh this bund is permitted, lor radio control purposes 
only, by holders of i special licence which can be utoidincd on epphej- 
cioii, without examination or any other type of qualification. This radio 
control band is further Subdivided into internationally recognised 
standard ‘spot’ frequencies These are the specific rrequcncicv.il which 
crystal controlled transmitters should ssurt, purtiiuliirly when vied 
svilh superhet receivers. 


ft 



f “in or mulu-rngihe power is 
perfectly practical *iih moiistrn folio 
ra rural 
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2.2 'Span 1 ftetiLreneisfr (ii Ule"37 
mcftJicyciE 1 >| J 7 MHr|i radio conlrol 
land nIl 1 ntiTioiJ on Ir^rwnilier fty 4 
(iMmiTcd pcnnanl jjiichud Jxi Lhc aerial. 


The term nwetength has largely been abandoned as descriptive cl" 
ihe fKisiliun of d particular broadcast frequency in the RF spectrum, 

,i‘i1 IkkjrIi il is still quoted to some cxlcnl in connection with domestic 
radio broadcasts, e.g. long wave, medium wave and sf ort wave. h is s^T il! 
of some technical Interest, however, particularly in Lhe design of aerials 
(set* Chapter .S). The relationship beLween wavelength (in nu-iresj 
and frequency 1 (in kilohcri) is quite straightforward: 

wavelength (m) 

If f is Expressed in rnegaherZ,. 
wavelength (m) 


300,000 

l(kHi) 


_3tK] 

f(MHz) 


I f the wavelength is wanted in feel, 

l.wn.OOn 

wavelength (ft) - f(MHr) approx. 

1,000 

or = f(MHz} a PP ro *. 



1 “ J But ^rCTT ’ 'irtw nl eyclaa pv uc^ind 


2,3 C(insij,nt arr-nliiaUs radip 

rrcci urncy signal trrqiieriLy s^alr 
MHHldrrabty expanded. 


3, J Ratlin innunl slRiul Irinsmission 

K -||ne‘pf sl(lJir-. 


Hk/h frequency ihut corresponds to a short wavelength, and vice 
versa, 

A basic radio tTartSm issian consists of j steady KI wave radiated 
From Ok- transmitter aerial in All directions. This wave will hive a fixed 
frequency-e g. SO-nwiy IHr or MHr-and a constant amplitude (r/gtune- 
23). Ai the frequency of interest fur radio cunrro4 work (27 MHz} the 
range of transmission will extend nn a ’line of sight' basis, with the 
pttwtT of the RF signal decreasing as the square of the distance front 
the transmitter 

liven with high power, the "line ol sifthl ’ charactcrisli l: means that 
reception at a distance would be cut off by lhc* curvature of iht earth. 
Also, of Lourse p power drops off quite rapidly with distance. Fortu¬ 
nately for model radio control wort* a fongrapge is not necessary 
Models must be operated within Tioe of sight 1 anyway, and even with 
model aircraft 2 distance ol about j mile Is the practical maximum at 
which it is possible to ohsqrve what the model is doing, 



































Realism In miniature thanks to iudio 
•.ikiLMjI! ntta could IK lilol nf .1 hi I 
siit jp;d|’Iji l jppFthU.hlflf i BSTaSS 
landing lii'Ii! -ESCt|Jt [hiLllH lljtureis 
tiotrilng j [i-*nwnlUer and in [lie 'pilot'. 



2-5 f lurj-LlTislk radUthH) pattern uf 
a umpde 1 1. in-, mi I Llt jCTI 'I 



2 ft A ri'L ii.l Jlril rid !□ lrm;i. itkv 
ii(jnj.l ia rrud:- up by camb|Ei|ng .1 'mm'' 

U&eii! with a fixe-rT frequency RF 
‘currier 1 yfinaf. 



Radio control transmitters un, thcrelore, work oil Feliilfyelv Itiw 
power; ;ird need only haw a m^imum range of a mile OF M, fit many 
applications, e.g. control of moil cl boats or cars r only ii very short range 
it. necessary for uti^iriory operation. Range is also . 1 1 lee led by the 
radial ion pattern uf the dWiaJ With ihe type of aerial nufmally employ¬ 
ed on rjcln> control tninsmitterj, maximum power is radiated in. an 
ouEWtfd and upward direction [figure 2.5.1 This means that the ground- 
to-air range is generally appreciably greater lhan the grttuneMo-grou nd 
range a Useful feature again tor model aircraft control. 

Transmitter input power can range from as high as several watts, to 
• is little as 100 milliwatts or less, deprndinji, on the design, type and 
application involved. Low powiTed transmitters, used with suitable 
mulching receivers, are suitable for all types of model radio control, 
provided the Transmitter has a reasonably high efficiency Only a 
proportion of the input power is bans milted as RF output power. the 
higher tilt- proportion the greater the efficiency ul [he transmitter, ^nd 
vice versd Thii is a matter hath of transmitter circuit design and 
'pealdng 1 the Rl- output transmitter by adjustment of the aerial and/or 
tuned circuit 

A rather better type of signal for transmitting purposes, is obtained 
by modifying the fixed-frequency consUnt-amplltude RF signal with a 
much lower frequency signal -superimposed Ofi Et, This combined os 
modulated signal takes Ihc form shown In figure 2.6* The original RF 
signal has its amplitude modulated it She Frequency of the lower 
frequency signal. The original RF signal is known as ttlc carrier wave 
(CW; and the combined signal as -i tom? modulated CW ar jus I a tune 
signal. TTiC description 'tone 1 is used because the lower Frequencies 
chosen for applying modulation fall within the range ol frequencies- 
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2.1 II, hk rcLuivui u>rii3ttiei j.Ii 
Wtl.'l. I j r-rd circuit, Jhd d-cteclo-f. 


M»di!i lKi)a ire jnivchcf lKrpuUr 
chnice- for radio canuisl, Sater dun 
moGrl aircraft, iUIle [ties .ire fa,r Ib-ss 
i ki'i'r [Ci mjirc r d emise from 'pilot 
Error' or milfurtctlnnlnii of enirliunent. 
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which -ife iwdibte , They arc generatry tailed uudiu I'rcguiiTicic-s o< Af. 
HIicm; range from about 3(1 N? fn wry low, dwp note) up lo dbuul 16 
(tH? (a very high pitch whistle). Tone frequencies used for nti>de1 radio 
control work usually rrin^c between abdlil 35tk-md 1000 Sk, wiLh &5G 
Hz being d typltdl average value, 

This principle of tone modulation i;.. in f.tct, exit Ely the same is that 
u-c'd in normal broadcasting. I ran-mission □! -,prcch or music is simply 
audio tones or AF super!mpowd on a carrier wive. Hie toms in this 
ciie are mirth mure complex, however, and there are- many more id 
ttiem- 

Fur mDck-l udru central transmissions, both straightforward CW and 
tone modulated transmissions can be used. As wjII be seen in later 
chapters there are advantages in the USC of (O-ne signalling for even the 
simplest iuirn ol radio link. For mare complex working further tones 
can be uicd tn increase the degree ol intelligence or com mind' Lfins- 
milled, ifld the individual tones Lhemsclic-i further modified, ii neces- 
:„ir\. Regardless of the type of [jjnhm;*sbmn employed, however, ic is 
the exrricn wave which sets the transmitting frequency, and tn which 
the receiver has to be tuned- in other wneds, however a CW signal may 
be modulated, it is the carrier which remains at KF and is picked up by 
Lhc aerial of the receiver at a dislanctf. Shi,lifer Voltages and currents of 
exactly the same ptffrirn ^ the original signal, but wilh very mu eh 
smaller amplitude, -ire induct'd in an aerial system tuned to the original 
carrier frequency, 

A b/isic receiver consists a\'t\n ueria/, tuned circuit, and a tfehJcfor 
{figure 2 7) The aerial and tuned circuit together comprise a circuil 
which will be resonant lo a particular frequency, meaning th.ll ir will 
ex tract R.F signals present at that frequenc} wiLh maximum response, 
and show liule or no response to HF signal) of Other trequencics. In the 
case of a radio control link the transmitter operates on a smglc fre¬ 
quency, so the receiver need only he tuned lo that particular frequency, 
lhc tuned circuit components raicd utily therefore provide suitable 
adjustment for the electrical characteristics of the aerial circuit to 
produce ’peak" tuning, Once luned in ihls manner it can be left, unless 
something happens tu the circuit which cun causa the liming lo 'dr ill/. 





























Tuning controls .Ifv thus basically Inr initial J;Jjubi[mLfi 1 and setting up 
to match j particdai transmitter 

The pwfpow of lhi detector is Id make use u*' the signal received by 
decoding any inlellicence Contained in the signal, and providing some 
srwt ai outpuL. I he simplest uw for radio control purposes is where 
She deleciOf merely has to determine whether the signal Is being 
transmuted or not, <e.g. transmitter signal H on' corresponding in a 
command being givers and transmitter signal ulT corresponding tunu 
command}. I he output tu correspond to this, simple type of command 
is an on-off switching function, 

I his can he made nulte satisfactorily by employing a transistor (nr 
valve) in whoi is known as a superregfirreralive circuit which :s set up tn 
nc;i rose dialing conditions. The wrwkang poinl al Lhc Iransislor ii>r 
valve) Is moved in and uul of osl illation, depending uri the presence or 
absence ol R.F signal in the aeri.il,'tuned circuit. A change ol working 
point produces a change in current flowing through the circuit, which 
current change can be used to operate a relay to work as a ^witching 
elernen t. 

Early valve receivers worked on nothing mure than this scL up, as 
single stage superregm receivers responding CuLW signals on an 'on t i f 
basis. The sut^quem evolution ol single-channel superregen receiver 
design can be studied m more detail in Chapter 4, Superhcletodyni 
(supflrhet) receivers, which provide far greater selectivity; are also 
described in Chapter 4. l hcse two receiver types superregen and 
sirperftcf ai e the standard fur model radio control working. 



FLaad VRhitle? jrp |c-vs popular far ridifl 

KHUrui bot un present rrviniiiftjuv 
scope. (Radio Muddler pnurul 
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Example*of modern sliijle-enanfiel 
dlKuraMitat Crqn*miiH:rs, tfl-Owli with 
.'IlLTiiitivE ntcc lv rs-. F-rWer .ind fewer 
iri.imil ic turrr-; now prodde* 
single i ti.mnel cquJpmcnl, 
'proMirtlsmal' || jyinn cjki-n oyr-r. 
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3 SINGLE-CHANNEL 
TRANSMITTERS 

Y 

Aprlai 


* »L nil Cnirll ii’i|oi 

5 F 3 -H 


3.1 1 lit LUik tlrriHiib which Ld 
irukt i iririittiiEleT. 


\|/ 



J .2 Circuit iH.iK.ljri" Cil j h.r ic vjJve 
lriflsm«(tr. Symbols used j.rc IhusK 

IHT|-i,jIIy Cmpluycd for ninde! rj.lm 

Luftcrut iliagcjiwif -in a rid Hie as 
BS ay m bull, 

C'2 is cj?i*cllor 'bltiL klfljt' thru l IT. CJ li 

llic ar|i | L'jpjii1dj.r. Thu radio lrci)ut-nr f 
•.'in kf (KIT? it me anode Inad I nr 1 tvt 
VirlvC (V). 


Tlii basis of my transmitter is ,t iadio frequency (RI'J oscillator. I his is 
j relatively iLnaighliorwflnd eircuil involving;! suitable vil-lve, or Iran 
sisterf, lhe object bfirl^L to generate *m Rl" sfertal at Lhe required 
frequency which can then be radiated I mm .i matching -u-ri.il svsi.-in. 

As noted in ChiiplC'1 I, such a signal can hr used directly lor carrier 
waye (CWI opgraiiun ot a transmitter-receiver combination, merely by 
aiidilgin^ tu switch the transmitted Rl signal J on'and 'off to produce 
cornesponitinf switching response in the receiver timed to lhe original 
signal. 

tarty trunsmitlcn did, m fact, operate entirely on 1 his basis, using 
the type of cii lljjI shown in figure: J. J. I be trjade valve in this mode of 
working jcLs .is an amptiiier L a any signals fed to (he grid, but -it the 
sinie lime the amplified signal is returned to Lhe grid. Provided Lhe 
operating conditions tor lhe valve are suitable. Ibis will result in 
sell generated and continuous uscillaliuns being developed in the valve 
dreulu 

OpnaLlng conditions are set by the grid capacitor and (hr nti(J 
resistor l,gr«d leak), biasing the valve tu Lhe working point where 1 will 
□initiate. Cmriponenl valuer must thus be cbc«n In suit the valve uwd. 
The fretjUtMcy Of OiCJJIjtkin is then determined b", the tuned circuit 
(cumpr i si ng the tuning coil LI illld the capacitor Cl}. Component 
snlues, again, arc 1 chosen to provide an oscillation frequency of 27 MHr 

lhe olhet important components Involved in Lhis cireuM are the 
radio frequency thi>kc (RFC) between the anode of the valve and the 
HT + supply; and lhe blocking capacitor C2 in the ponnuerjun herwuen 
the valve anode and the tuned circuit. The RI'L choke provides the 
necessary anode inad tor the calvt |V] to wot... It needs (■■ be a choke 



rypleal examplf of a hybrtil IvJlYfi-irdinslilOf] sinulE-chufiricll IraiuniiltL’i kmba the 
Iwe baiterles and high voltage lit' requited Ini Hie sjIve circuit 
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ThE all-trj(n%kLnr u.in-iriitlL-r wort* off 
A Imv VQttag* minrv and tjn ae 

madc e*trrinny gnmpaci Unm j 
prolific source of slnflle<hsniw| 
MUilpmeinr derin b Lhr liner 


3.1 Practical v*|vc trimmiUtr clrtulL. 
foil l.l quo viruble «p«lt«rC I form 
the tuned circuit. Typical component 
L'al ms: 

C2-5Q0pi- 
C 3 — 50 Dpl 
ft |MK 

RFC - 3 millihenries 
VjIvcjVf JA4 

I t ■, jcnil Ltmrlmti tuil 



rather than a plain resist-m to allow PC to para [from HT-r to the 
inodei, hul 1u stop I he Ki signal I rum pASsins in Lu this leg ol the 
circuit. fhc blocking capacitor works the other way TOurl-d by stupping 
IX pacing beyond the 3node of ihe valve into Lhe tuned circuit, but at 
i he same Lime allows the (Heillating RF current to pass into the mned 
circuit. 

To provide 'em' and 'off srgrialling si is only necessary to irisuIE a key 
in csneol the battery leads. ] he usual place is in I he HI + lead A 
lurthef switch can be inserted in I he tunirrmn negative lead to a a as art 
urvidl switch tnr Hid batteries ThU could in lacl, also serve as a 
signalling key (dispensing with the other key), but since ,i more sensi¬ 
tive type of switch than a simple on-off switch is required tor precise 
signalling a septate rntcfuswftch is invariably used For keying'nr 
signal-switching. 

A practical circuit of ihis lype, together with component values, is 
shown In/^fure 3.3. It is simple to Djosiruct and tan readily be made to 
work, hut it suffers from a number a I limitations, particularly as 
regards low efficiency {relatively low RF output power in peoportlon to 
the input power supplied by the batteries), and lack of si ability 
\escrthdess this Lype of transmitter circuit was popular in this country 
right up until lhe mid-1950s, bush For amateur and commercial produc¬ 
tions, 

Uulh inherent performance ImnUI ions could be overcome to some 
estent. Thus instead of using ,t single valve, the use of two valves 
[usually a twin valve in a singie envelope) in push-pull oscillator con¬ 
figuration considerably increased the RF power output nblainable, but 
.u Ibc es,pens< of Further increase in batluey drain The basic circuit 
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3.4 Circuit tllaf.r.irH ot ,j built puil'- 
["til Vjtvf trUKrtlllter. The IFLritish | 
DCOO ui ■!American) IAS Mlvej #erc 
rhr usuil chuice 



j.i niocli Jiianj-ahi oi 

crystal .csnl rcllrd lummiiter | i»ic- 

crystil Ifie frequency of rhfi 


tern, sined very mush ibe s.imc {figure J.4) Luck of stabiiif,, or the 
tendency tor the frequency of the tuned circuit to ' drift', could be 
erHjntEred by incorporating ,L cryitil in the tuned circuit, the crystal 
r im trieting uiciIlalion La its spcciFic resonant frequency Of it harmonic 
of that frequency. 

Crystal control 

T lie cryttuJ control a l transmitters w,l&, In fact, obligator', in the 
Unified Stales light Irom the beginning ot radio control development. 
No such requirement Applied in Britain and LrysLal-contrailed valve 
transmitters remained comparatively uncommon right up to the time 
they were superseded by transistor circuits. 1 here were a number of 
reasons for this. Originally cry Male with a rosnnanf frequency of 27 
MH/ were virtually unobtainable, necessitating I he use of overtone 
try stals of art even Fraction of 27 MU/. These had to be used in a 
doubler or triple* circuit to product- the stabiUsed transmitter 
frequency requiTt-d. which was not always 4 SfltesfdLtcHy m ilutlon More 
important still, all singk’Stage transmitters [Le. straightforward KF 
■ 'scill.iii irsl operated on j ‘brute lorce" basis to achieve requited levels 
of KF power, whtch iTHianJ 1 h-iit the crystal was driven very hard (and 
likely to Im ittb^ecl to drill through heating! jnd the whole circuit 
required wry sharp peaking. The slightest change in Opera!log condi¬ 
tions could thus cause oscillation to ctaac. 

Singh-stage valve transmitters continued in commercial production 
until about H>fn3 in the United States, antf later in Britain, despite their 
numerous disadvantages. They were also used Tor tone operation, by 
cum hi nation with a tone generator circuit, which somewhat extended 
their useful life. The real answer, however, lay in the combination o! an 
K1 r oscillator with a power amplifier. I bis means lh.it Thu oscillator 
valve did not have to be driven hard. .tnd vo need only draw a relatively 
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Ol'J-r.l !lIngram a MUrA 
ilnitci'i-haniiitil ickh- triUMtifticr. 


low cyrrenl, making ihu working amdEUbni far less critical. The output 
fram the oscillator was then slepfietf up by ,l fu-ll-uwirhjj, amplifier circuit. 
This combination of mailer ostiJIalor and power amplifier, or MOP A 
circuit, was adopted by virtually all later valve transmitters and was 
largely responsible lor the high degree of reliability achieved with such 
type?., 



The pneral adopt ion of Lane working rather than CIV, brouj^L 
lurcher improvements in reliability, Lirgdy in the inherent characteristic 
of a tone receiver to ‘lock on’ to ,1 tunc signal, thus making it less 
suvcepiible to Interference; together with a reduction in RT power 
needed to establish a satisfactory radio link over a required or practical 
range. 

The type of circuit shown in figure 16 repress nb about the ultimate 
achieved in single channel valve ttiJismilCers, although there were many 
Other circuits of comparable performance! developed difierinjj in detail 
design. Two major dlS-ldvartUgcs remained with valve Hansmltters, 


17 An Amdrkuri i'CCi singlu charmer 
vjJvr: U jMimiULi, with ccmpunEnL 
vjlum. This Is birlv ivpitril aT the 
Ultimate tfevela p men [of simple 
ir^nwriitirr eirculis vsIisb valves, 
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however, To accomodate adequate baiter y SteCs Lhey Landed Lo he 
faulty and heavy fnvr hand-held unite {unlos small bmtefies arid ifactt 
battery life was accepted}, AJ» value Iranian liters need bath a high 
volume (high tension) battery and a low voltage fvslvic fat;.:iter battery]. 
Only dry batteries wltl- suitable tor ihc lormei pruvidrng a relatively 
short uscl'ul life at fairly high cost. It was inevitable, therefore 1 , that 
all transistor transmitter* should eventually replace valve transmitters 
Jot virtually aJI model tadiu control application*, 


r nsmislor tr&fi5mttte.rs 


Exactly the same operating principles apply in the Cast oi transisloj 
[rjusmitters: a master DSCtliatOf generating RF fallowed by oth, 1 erf more 
Stage* of power amplification, as necftidiy, plus a tone generator to 
impose modulation OP the basic Rf carrier in (be case of tune trans¬ 
mitters. 


A Very i*i£«wFut BrlSlstl dBiliiH □! 
jlr-Udnikiiir rran-si-nUrer, Intended far 
home cumtruction. CotnpcinMiti are 
widely spaced dll Itie cirpuJl beard for 
c*sy assembly. 


Trarsistori first appeared on the model radio icmtrul scene in the 
late 1950s„ but originally their cost was high, their performance often 
temperamental, and Ihdr power ratings |i.e„ the amount of dcttncjl 
energy they could pas*) generally low. Initially, therefore, their applica¬ 
tion was lo amplifier circuits, first in receivers and then to the amplifier 
stage M in MOPA transmitters. A* far as transmitter design WOS con- 
cerned this meant a hybrid circufa-a va tve end 11 a Lor followed by 
transistor amplifier stages which did not offer particular advantage*, or 
any savings m battery requirements, (Hybrid circuit* were a different 
story on receivers where transnstnr amplifiers reduced the bulk and 
weight of the unit, and the number of'delicate' components vusceplible 
lo crash damage). 
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i 8 Slock fliJBian' t»f a modem 
transtsioribcrf ilnitlE-LMAiinil turn- 
Lun-.niUer T 


TmiipJnln. | ’ “J 



J .9 Gdhic circuitry uf a I r j .n -. i C ■: i: 
OiuiJIjtttr with cryjt.ir £«>[i<rol. f Kcre 
jte varlnyj other cent Ifuraiiofls which 
cjit p* uwd far asdllaiors 


Lartc. heavy model ilrcndl were 
typiLaJ oF the- earFy shsle-ihanriet 

era when tranbmlLKfa (jilU rceeirtta) 
were butky, too, .MHJ tvLiliire lT hiyh 
wiUa&c bancriei. 

3 £ 



Increasing the number of jmpfi i'tvt stages t 1 - 1 compensate for 
deficiencies m : ml pul of j low power transistor ok i I Id Lor is not .i 
practical answer for ibis can produce unwanted bide effects. Jhc 
practical alE-mrisHtor iransmiifer thus willed on ihe jppcdr anus ul 
buiuble power transistors., with stable characteristics, for Ehe oscillator 
circuit, or driver btage db It ii iOmetimeb culled m America. Aclujlly thi-, 
latter description can he mi&Lo-^ding as a driver is more LarfreclEy the 
amplifier stage applied after (IF .impliedLion and modulation in d 
typical transmitter circuil as shown in block diagram torm tnrt^jr 
£& ll Is Ihus bu-bl Uj refer Itr Lhc ilf generator as an oscillator. 

Basis of a typical transistuc GSCiltdlOf is shown in ftgurv J. y 
Numerous variations are pussibk- In rhe bias circuiL, which can control 
Lhc quality of working Where the oscillations ate to be modulated, Lor 
i-K.itriple (tune transmitter j it ^ i^une rally advisable to it.<.i h. .1 i. .rni-i^ 
ol ihc oscillator as this can result in considerable distortion of the 
modulated signal. 


















































in Ihin liJOV l|->J>Mlon 


3 Hj J he ,|ej;rse cvl mnduljn-nn affECls 
the etiaraetsr of a tone sifinal 


Virtually ill miL-ifcrn Lii.. uiEi j.ri; 
.nvinciltJ (in prinleii <ircuil c-ir-i-h 
Tfietc sUrf duI j-, a lErawmg. 
tr^n^ffrrnd at a ‘»n|rrnr Im-igE |o 

copper-dad haitolln or tfijss r-Lirc 
p*nflli. 


T3ie pi reed circuit i‘. produce J hy 
etching. *-hich dissolves .i.ww 
unwanted sopprr areas and leaves iKe 
copper circuit, 



Degree of modufation 

The degree of modulation produced hy superimposing an AF (tone) 
signal on an RT L.srrim can vary considerably, which will show up. in the 
shape of ihc combined waveform Basically TOO per cent modulation is 
ideal since ihib provides ihc maximum amplitude change lor detection 
,it the receiver end. Owr lttfJ per cent moduli Lion writ give the sarrw 
amplitude change, but with ‘gaps', equivalent to actual breaks in the 
iransmtsvian. Undef-iTiOCtLllatiori results in reduced amplitude change. 
Neither of these conditions 1$ particularly critical for single-channel 
superregtn Working, provided the amount of over- or under-modulation 
in not excessive. Under-modulation reduces the amount of signal change 
the tone receiver has to detect. As the distance between transmitter and 
receiver increases the signal strength decreases, Lb. the amplitude is 
reduced. Hi us the effect of undof-rnwhiMon which docs rsut use the 
lull ampliLudc change pussihlc Ili start with is to reduce the range, 
Under- or over-modulation can have a significant effect on the 
performance of a. superb eLreceiver, however, 
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iirople llnglMhiimel rratveT with 
iHiKtry box and eKjpcnmnt, aii 
prewired ?nd 
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4 SINGLE-CHANNEL 
RECEIVERS 


Single-channel receivers now Invariably employ all-Lrandstue circuitry, 
and (normally) printed circuit construction In iIn 1 c-jisf: of -.1 rclayless 
receive-!' this utn result in an extremely compact, Iightweight 'solid 



4 -t Block diagram nf Hie ullilMK 
lim-dtisunen t af the sunpte billglf- 
cJiannel/reliykss ratiYti iUpEirufctn. 


state unit with a high degree ®1 resistance to mechanical shock. In the 
case of 4 fday receiver, the relay it riucmdlly mounted on the printed 
circuit panel, ,i I though it urn he a separate plug-in asaembly because 
Line type of relay used in modern circuits Is a fairly rugged, low 
resistance type with nun critical adjustment, It can be sealed in a case to 
protect the contacts irom dirt etc. This may he additional to the 
lightweight aluminium case usually fitted to commercial single-channel 
receivers. 

Most modern dll-LransisLor suptrregen receivers arc hased on the use 
of high performance, high quality transistors lh fairly conventional 
circuits. The usual arrangement lot lowing the tuned circuit is a 
SUperfcgen detector transformer cuupSed into a Lwo-slage AF amplifier. 
The output from the second stage of AF amplification is then traps' 
Farmer coupled into a switching stage [figure 4. 1 ). The design matching 
load is normally a 9 ohm coll resistance escapement (reLayleii receiver); 
or a TDohm relay (rcS.sy receiver). 

Two examples of supn regen circuits are skiwn in detail iri figures 4.2 
unJ 4.3 fhe first is typical of American practice of the era and circuits 
ol this csiie were widely copied, with detail modifications. 


4-? CIphiIi diagram nit n lymca 1 ! 
American slnalr-chaimd superixuen 
receiver tor relayitss working. 




■-** - nrr * 

+ °-W 
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4.3 Ml[>em?H Erl TElpyleu 

ctraiver deiisncd Cpr kome- 
cunsMuetiori (caurtfliv of ftarflo 
CunLmi MndeJi ami tl-BLironkib 


Cl 


25 mF electrulv Ml U.4v 

a 

r 

mi nF 



a 

t 

4 mF ElfEUdlyCn; 1 Ov 


C4 

■ 

b 

22 pF 



cs 

■ 

.002 uf- 




,z 

4 7K pF Disc. 


C7 

| 

JS pi" c aetrulyUc 6.1v 

CA 

: 

.00 2 mF 



C9 


2.5 uf elcc(rn| v tk t,t 

V 

Cl 0 

3 

1 0 kpF D1 m. 


CFI 

3 

■1 (J.F eNsc 

LrolyUc IN'. 


cti 

1 

32 eF 



R 1 

: 

3,3 Kfi 



R2 

■ 

■ 

t Ktl 



K. i 

3 

4.3KU 

St E D 3 

150,1 

K4 

t 

j.OKn 

Rll 1 

47DIJ 

RS 

! 

4.3KH 

RFC : 

2CU-H 

Rri 

t 

2.2KI3 

VTI : 

OCI7Q 

R7 

r 

1 Kfi 

VI2 ; 

Of 44 

ks 

t 

1.2KU 

VT3 t 

OC45 

K.g 

3 

StOKil 

VT4 1 

QC45 

VTi 


OC83 nr 

I4KT MJl 


11 

s 

DlfrDI *ril*nls 


Ll 

: 

10 turns 

24 swg 


12 

3 

2 ft iv rni 

jrrlll wire, T 

□tal 



length 32 Ins. Cut brntom nFf 



B/5 7 mm farmer 


ftelJV 

z 

OS 500 




■ 4.4 C-ompancrtl layout al 111 * rccriver 
dncu|l gisitn iIuiyl, Oicwi dttLiJ.1 I U« 
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The second is a RfiLish circuil design, ds-veluped specilualh far 
amateur construction. Thu L-bcuii is fsmi ■critical, allhCfU^Hi latEst'actory 
performance was dependent on using the typrs of transistors speed icd. 

This, and otlwr Similar circuits, were marketed as kits, with ready- 
dolled printed circuit panel and .1 neLSswiy components. 
Unfortunately, howevit, the practicability of 'kit' design* has hecumo 
severely restricted by Jack of availability of suitable transislur types 
for these earlier circuits. 

















































































■1.5 Usetk dLigram al a iinglB-ehmiH! 

■■■.I ili l l u ll rLJ'J l 'IE rELL .VEC. 

Superhi-1 receivers 


!si ir.plf prim* a circuits Far switchers 
tan lw t u t i»n- prln \<-4 , Ip icmI I m,i Iff ini 
JistBid of elth-ed. 



The superhet receiver is a far mare comp.ex type, invoking flier Hit 1 of 
mors tallies and considerJhly more components. A biock diagram of a 
typical supcrhci it. -stiown in /i tyt/w 4.5 

Ihc biis,is oJ supcrhul opera Lion ib that the locum log RF signal is 
picked up by the aei ia! arid tuned circuit m the usual way, and fed to a 
mixer slagd Also coupled to the mixer is a Focal meilSalur circuit, crystal 
Lonlrnilrd Lo oscillate »a specific frequency above or betow the Rl 

signal frequency. 

The mixer produces as an out put a signal at the If of Intermediate 
frequency. This is then amplified by One Of more IF amplifier stages. 

At some suitable pOitlL tile audin tone present can he detected and Lhc IF 
which is actinj. js ihe carrier discarded. I he tOihe signal tiin then Iw 
subjected 3 d one or more Stages of AF amplification, necessary lo 
produce the required current tt> operate an actuator Of fHsy direct, 

Pc Lection and audio amplification may be achieved; in one stage (erg, with 
j single Uartsistor working tinjh as ;i detector and amplifier); or by a 
diode followed by Transistor amplihc staged). 

Such J circuit can achieve superior selectivity of signal lor a number 
■ ■I reasons. The mam one is Lhat the origin,tl RF signal disappears at tile 
mixer stage, arid an IT signal is passed on. 

The value nf IF adopted is normally 47 L) kH^ (or 455 klla m 
America). It is usual tu work the loc.il oscillator at Ihis difference 
frequentV below cite transmitter RF frequency lhc mode ol working 
can I hen be 1 1 si lowed from Ihis numerical example. 



Tarty Ttiyniran vjhr- recriui with 
transuior amplification'. 
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■t.6 In * wpefhEL receiver tht Hilled 
ciicu.i I A.) aocflpTi the i n m m j N [j -,i x n.ii 
jiiiJ PiSSfli l[ La Lhe mik.tr (H], The 
Jocal Ok.il3itar (Cf xendi aim .1 Filled 
frequency rignil (typlilMy 470 kHz 
hciLiw Lhe Incoming RF rignal io wide I’ 
lhe ici If tuned). The ml iff r passes on 
the 'difference' nr IF sl&nal to j 
deieetOT tiicubt tuned to rHipundl annr 
to I hii iisnjl, 



4,7 A djffcrersl |fltdmln| ilftftal 
frequaiicy meir.s ihir the sign-nl p.i -sc j 
to Lhe detector ii different to tha] to 
#ri. ; ch It if llirwd [u receive, HmTD IT 
jejepif this 'diTtf rence' signal. 


Small flhiln-eh-innel rttelVfl Lilon up 
*i*rdhr j.ttv roniDfflvtn in j small 
modal. 
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The transmitter if working on One of the: 'spot' frequencies in (he 27 
Vi Hz. Suppose- the frequency used is the fkst one available, i.e. 26.995 
Mlb, The receiver local oscillator frequency will be iel.it 26.995 minus 
47[5 LHi or 26,52.5 MHz to produce the design Intermediate frequency', 
and the mixer will pm on this difference frequency of 470 kH?, 

The next 'spot' frequency Available Is 27.045 HHc. If this is present 
(possibly from another transmitter working ill the same lorn:) and 
picked up, the difference relative to the receiver bed I oscillator 
frequence will be 520 kl Iz. The fF Stages which follow lhe mixer 
are tuned tu the 11- frequency (470 kHz}. The 'difference frequency' 
lh this case is 50 kHi above the frequency to which the IF stages are 
tuned, or over 1 [J per cer»L 

Compare ihii wilh iuperregen working, where the receiver tunes 
directly lo the RF frequency. The difference In this caw is only 50 kHz 
above 26,995 M He, or less than 0.02 per cent, On I his bask, therefor e, 
lhe superhet is somethir® like 5D0 times better off as regards 
discriminating between the two signals. 

A further advantage is gained from lhe fact Ihat since a relatively low 
frequency ?s passed to lhe IF stages, very sharp tuning is possible ip 
Lhesc stages ftogether with amptircaiionof the IF), This tuning ts w 
sharp AS to make alignment ol the IF stages ctillcjj, pirLicuilarJy A> 
selectivity gel even shllpcr with each stage. On.ce initially aligned, 
however, and providing the circuit design is stable, nn further adjust' 
menL should he required on the receiver, Tuning adjustment (except for 
initial trimming which may be necessary) is eliminated by the fact Lhat 
t» 0 th the iransmiuer and receiver lowl oscillator are crystal contfoiled; 
the Iormerat the specified 'spoL 1 frequency for operation, and the 
latter at this ‘spot 1 value less the irUetmediate frequency. Such tfyslali 
are referred 10 as hatched pairs', It follows that if ihc transmitter 

















































Cortime rL-lalhy produced singiE-chnnnel 
remivErs c.ruwil 1 Ur iOmjvorvEnu (HI a 
H! in leu dmill tiavr p ahri to Uv( butk 
Itnd welshf. H=re, far e^jimpk, 
components ire mounlEd ^mrlicj.Jly. 



- h Typical (Maniple af Hip uliiman 
development lei Hnufe-tftinnd 
n«hirL A miil:.. limn (sUvlc.-, 
IlCtlnr pruwifEd Id j , ;i:u|{ This 
connEcti EiLh-Er dirEftly (a-a receiver 
airing, ii.imKi, ■incgrpOTiiHna battery 
taix, twitch, and estapemenl type 
actuator;or to i relay pack for 
connestidi fa a moror^d j'_ i l j i-cr 
Wiring ''irneii sl-uwii sfriavLilei Tar 
Ml'ji.il-i rcicivLT and «K.aipenwnJ 

bUMrKi. 



'spot' frequency is changed (teg. by changing Id a crystal of difft-femt 
value), the receiver (loal wdililor) crystal must dlvobe changed far 
the equivalent of the new 'pair' in Carder to preserve the same IF to 
wtiith the IF circuits are peak tuned. 

A further advantage offered by superhel working U the possibility of 
introducing automatic gain tomroi (AGC). The Stronger the input 
signal the greater Lhc gain In the IF sULgeS, If excessive, this can lead to 
clipping and distortion Of the AF content of Lhe signal to the polor 
where it may be eliminated entirely. 

To prevent this happening the I F stages uah be Ptide self-limiting in 
amplification by rectifying part of the IF signal at the lasL If stage and 
feeding it bark as a DC bias to the input of the first Stage, If the 
amplification of the IF tends to build up excessively, enough reverse 
bias k applied La the first slage to reduce its gain, and control overall 
response, E.c, the overall gain ts automatically sdf limited to an accept 
able proportion uf the Input signal strength, This is known as AClC. 

Automatic pin control may or may not be necessary wlLti single- 
channel receivers, depending mainly on the characteristics of lhe 
transmitter used. Most tone transmitters produce IDO per cent 
modulation, when clipping and distortion is nuL likely In be harmful. 
AGC may, however, be very necessary where the transmitter signal has 
less than 100 per cent modulation, even for single-channel working. 
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Modern TransnHlUH Irtvarubty -lite A 
(eJE 5 cnp.il.- Jisrldj wiiich (hovld be fully 
nslendad rur nun-ral us*, (inorne 
transistor ei-fcujts bt diirijiju J hy 
ojMticlng syjth rerracifd uniat). 
Receiver aerlll Is USU.i I j 30" lengr^i 
of tire. 



















5 TUNED CIRCUITS 
AND AERIALS 



Model rjdia Control ir.;nsmitter,''receiver combinations arc operated on 
li signal frequency of 27 MHz (or more specifically at any individu.nl 
frequency within the permuted wurkEng range of 26,995 to 27.255 
MHjr!■. This means ih-it tuned circuits, employed in both the transmitter 
and receiver, must be designed to have a resonant frequency of ihk 
vat lie. 

A i uned circuit Comprises, basically, an inductance (cuil|i and a 
capacitor, normally employed in parallel cun figuration {figure 5. 0- I'he 
relationship between the resunani frequency of such a circuit and the 
value of inductance IIJ and capacitance (C) it given by the formula 

1000 

resonant frequency In MHz : . lffl u ( - 


5.1 A tuned circuit Is. urn airy hascsl ran 
j Lull l with Indueunecji and a 

L-ipiui tur I LjcijilII jriLdl t-onncf I e4 In 
parallel. The 'old rashidnc-S' syiT.hnl tnr 
* min s full used In mo-del radio 
conijol diagrams. 


whcie L is the induclamc in microhenries j.uHj 
C jftbc capacitance in picofarads (pFj 
Substituting ?J MH? as Ihe resonant frequency required, we get 


27 = 


1 ,UQQ 

2 rt V'LC 



5.2 Inductive renins with vjriible 
inducin'uc (roil wound an 1 in(r with. 
Iron ifu.il Loirj. 



I.e. V LC = 5.9 appro* 
or LC = 35 approx 

The Litter ts a suitable 'working" formula fur circuit design, St means 
Lhat to give a resonant frequency of '27 MH? the value of the induc- 
Lanci' ul the toil used l,in microhenries), multiplied by the value of die 
capacitor used (in picofarads) should equal 35, as a dose apprujti 
mation. 

H is, of course, possible Lo cjlculnte rhe exact values of L and, C 
required (ogive a specific or '.pot 1 frequency In cite 27 MHz band. I his, 
however, is not a practical approach- A cltisc match only is required 
when, by making one of the components variable, Ihe final circuil can 
he ferns'Lo the exact frequency required. Litiher the capacitor can be 
the variable component |i.c. employing a variable capacitor), or the 
Induetxnce (e.g, by unplnying a coil wound on a former with an iron 
dust core which car be adjusted lo vary Ihe i n due tan to of the coil) + 
both met hi ids C-an he used; and tn same cases boLh components m,ay be 
made variable lo provide even finer adjustment. 

The simplest case tn work otii is thai of a fixed inductance used with 
,1 variable capacitor [figure 5.2). A typical value for such a capacitor 
would be j 20-60 pF tuning range. I hus Lalttrsg a ‘centre" value uf 30 
PF, ihe required value of inductance required from the working 
formula is 

L % 30 = 35 

or L - 35/30 ui i little under 1.2 microhenries 

It now remains to design a suitable size of Luning coil Lo match. 

The simplest type of lunmg coil is an "op^n' winding of solid wire, as 
shown in figure i-?. 5uch a form is known as an ait cored coil The 


5.1 Cj 4 ijtltv lulling, mill j a flxfrd 
inutuLUncE an-J variable Lspatllor. 
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M L^BUl {Lj and Radius f K.) J« the 
■crili-..il f*twn in dfsi jjnsng an aif-tared 
coll, 



5.5 Typical jir'cmrcd coil winding, 



5.6 OpEri'wnuiid tatr-eorrd) coil mum 
!rf Securely and rigidly fttOurtlEd 


tarty 11' j n>*Tii tiers, wefc Hasftf on 
vjIve Lircui(> with open-wound 
| ,|, i-t ur-f-J'i tuning cotls. 


inductance can tic ca3culaU?d directly from the radius of the coil (Rj, 
the length fl) and the number of tut ns., vu: 

inductance, in microhenries - &- (R arid L arc in Inches) 

9 R + | OL 

I here arts three variable*, so two must he 'guesstimated' as being 
In^ical vafL*Sj and ihc equation worked nut to find the other value. 
This rs much easier if simple values .ire selected tor the col I geometry. 

bar example, suppose ,i coil length of 1 in, with a liiamcter of I in. 
(rcidius 0.5 in.| is decided oh. The value of inductance required, from 
the previous calculation, is 1.2 microhenries (appn-jji). Substituting in 
the equation 

1.2 ^ tfl&8 0.51 x N* 

(9 x 0.5) +(IQ x 1) 

whence N 3 - 69 

thus N = 3.3 turns 

AditaMy anti turn Coil, 1 tn. diameter and opened up to I in. brig, 
■would he J near enough match, [he very small difference in Inductance 
(1,1 microhcn/ics 55 il^uinsl 1.2 microhenries originally spccificdl wuuld 
readily fall within the adjustment range of the variable capacitor. 

The actual wire diameter does not come Mlft the calculation This 
would be Chosen to give a nice rigid coil when wound, A typical choice 
would be IS or 16 puge enamelled copper wire. To make j neat coil 16 
should he dose wound on a dowel of cylindrical former of suitable 
diameter, i.c. m rather levs Lhan the final inside coll diameter required 
to 31 low fut 'springiMcfc' when IhtCuiE is removed from t he fotmer 
(figwe 5,4). The coil is then opened up to Its design length, lor 
maunlin^ (usually through holes in a Paxolin panel, as shnwn). 

Air-cored coils can be designed Lo required inductance values using 
this Formula with reasonable accuracy, provided the coil dimensions 
(diameter and length ore reasonably large, For smaller s|*c% of length or 
did meter the formula is-less accurate as the actual wire diameter then 
Starts to have an effect- 
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5,7 Eon »mh wUblt inductance. Wire 
fiff aod nurttflj-sr t?E lurni requirtd to 
i'ij I l li 4 gjrVGh Auil lorrrcr sue jic 
dctenniiwiS by practical Jeili,, or 
Wiund Id a Riven (peciflfatm", 


Irem-cofed Of 'tunable' coils are quite a different matter. The* flFS 
normally wound on vujII (e.g. 54-in. diameter) coil formers which carry an 
iron dust core which can be screwed in Of out Id adjust the inductance 
[figure 5. 7), It is difficult to calculate the required wire si« and 
number of turns for a given fun mef sice. These are best determined on 
empirical lines The table gi ves some suitable combinations 10 use. 

IF or met-wound tuning Cuib hive the advwit*gjp nl being compact and 
fully iiipyinrlcd I hey arc a Logical choice for the 1 urscd circuit of 
receiverc, where sp*M saving b important, and the whole unit may be 
subject to shock loads (which could distort an JlPCOrod coil and change 
its inductance). The hitter advantage abo app Mgs lor transmitter culls. 
However, aJr-cored coils are still widely used for transmitters, 

The must rigid type of tuning coil ill all is that actually incorporated 
in the printed circuit panel. I his is employed mi some commercial 
Urcuiis, both for receivers and transmitter*' Being completely TijicJ' ih 
characteristics, such tuning toils must always be associated with 
variable L-apatitors tn (tie resonant circuit lor lina] adjustment or 
trimming of the circuit, 


Fhulu: R.id*j- Multifile i 






















AM mortem [jin-nii-lLCtr. um a 
ttlsseapic * ri il l u tcndinH to 
Jppjitjtim ate ly 4?" len*ih. 


1 *- 


Tf 


T 




S d F- o u I ‘ssjfHlafd' or resununf atrial 
length*. Only imp two ^nailer qrr 
PfiLlic.il fac model urH. 
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A 



Awfeh 


Aerials are, in filed, another type uf I Lined circuit. Thai ,s tn ^,iy Uheir 
efficiency, either in radiating the Kh signal in the use or J Iransmitn-J. 
ilf in thLk strength or signal picked up and led to the following circuit in 
the ease of j receiver, is ver y much greater If the aerial is ol 'resonant 
length'. In this case il is the w®l wttngih of the RT signal which is the 
parameter, although this is derived directly from the frequency,, y \i: 


Wavelength (in mL-tics) 


30Q _ 

frequency in MH/ 


The resonwt length lor 27 Mid/ is thus 300/27 = 11,1 metres nr "16 
I eel approximately, This is the optimum si/e fora transmitter fur 
receiver) aerial working at 37 MHz. 

Obviously this is impractical to consider, so an even fractional length 
he I„ltrn as the next best thing. A quarter-wave length [9 feet! 
would be a logical choice and was the typical length used on ,rider 
giuund-standing transmitters. Since a physical aerial is subject to ‘end: 
cHett' which lends to increase its effective length, a true quar tcr- 
wavdength <uf quarter-wave) aerial would be more nearly $ tf. fi in. 
long, and & ft a suitable sire, 

This is Still too long 11 >r a hand-herd transmitter, where the aerial 

length is normally hall this size again-4 ft. (nominal). Actually sizes 
Of anything between 30 in. and 54 in. appear tu be used successfully on 
trn.uim liters, but a 48 in, tu 54 in. vertical aerial remains the best 
practical Choice. 

Fortunately there are methods of recovering come of lhe loss of 
efficiency resulting from having to use a chonei than optimum 
transmitter aerial lor reasons of practicality* These involve ^nadfng' the 
aerial, and tuning, it fur optimum maLcPi to tile circuit it wives. 
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5.3 iicfl j* enil-lDiLlud afliMiL J.lft 
Ir ihtl LE.nlru at r ;.il. IflduciJiixC 

nr ihe Faitfr I; critical, line* ir carmut 
be adjusteS. Ei Fimm b« ictvntely 
ruu I'i-Ll Up the a-khi Arc frequency In 
(he : jlu nf i crystal iwn trailed 
iramrn«u*r- 


S, I I Fy picji jeriil lqlI wind.rij*- 

dEnlie-iisidlnts -«ll k muaily jhauL 

tlirnij (low wound on I" rr J - farmer, 
End-luj.JiliH i-oll S typkalJy IbM-rns 
on ,'' forincf, w n?i imn Sail cote lur 
adju£i.LmE*i L. 
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U'.J.I mounting Fur iM-t ji.i ,j| on j 
node! j ireufl h to IcjlI I lit wire la Wi« 
lap of the fin 


Jwq alternative positions arc ptisdble fesr j. loading coj I, bottom 
loading being general iy preferred since the cell tan be mounted iriiidd 
the transmitter case. Also ft fe easier Flj tLtrtc loan optimum match in 
the aerial circuit, e.g. by incorporating an aerial trimmer control as well 
[figure 5.9 }. 

Ir impossible to get higher efficiencies with a oat tut loaded aortal 
[figure Thiv arrangement is more cumbersome, and also mdktiS 
matching of the coil to the acrid I mure critical. 

Typical specifications for aeridl loading call* are sliown ir figure 
5.J J. Air-cored coil* die commonly wound frum 2D swg enamelled 
wire, <mbracing 3 hout 30 turns close wound of approximately jn. 
diumeter, The actual number of turns lor diLameier) will vary with thre 
length a: serial used. Miniature coils arc close wound on "in. diameter 
former*, usually comprising 16 turns ol 3S swg enamelled wire. The 
advantage of this type {for bottom loading) is 1h.T< the induLlanur can 
be adjusted for optimum match by means of the core slug. 

Aerial tuning can be quilt critical on crystal control led transmitters, 
This normally demands the use of a field strength meter to check the 
RF output (or some vets may have an output meter included in the 
circtlil) RF output is 'peaked by adjusting tile aerial tuning and/or the 
tuned circuit, depending on how many adjustments are provided. 

In the cast oi j centre luaded aerial, the coil must be limed indivi¬ 
dually to the aerial to match the irequency of the crystal used. 
Basically, there lure, a ten Eft!- loaded aerial can oniy be tuned 10 a 
particular spot frequency, wtiich is against this type being used on 
transmitters with plug-itl crystals which may be changed to work op 
different Spot frequencies. With a properly matched centre loaded 
aerial, however, only the limed circuit ot the transmitter nneds 10 be 
peaked for maximum Rh outpuL 
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5-laf Bjiit Jt- ri i radiation pattern m 
lint vis ■* i|inp | and pi urn (bfllowh 


Lrid luadinq arri.il call can he h«n on 
iinee .r I* 01 npen coll {father (h,m 
wound on a former), jiwf nor ri^ldIv 
wppHtEd, 

■A||(vouiiri Ihn phySk-jd IcnjUt ui a 
[nominal] [n, aerial k ont-tighth <?i 
a wavelength, tJUi Ivpc ij. fcnfiwn as j 
I'jUiulEr-wjLve dipole ■vifltL- Lire 4A In, 
physical tenpth repress fib ™y|y emc 
luir c,t | | K effective Hungth of the 
jeriql, 1 he other half |j nude up Ifom 
J “mirror (mage' ,-I| U lL due to ilcue 
pnftalfnrty Lei the (iriHrtid. This tin, in 
lict, result in variaUunM in latfiatitm 

effltien-Ly jptf i j:: i.i l i-.vn piiLEe/n, 
Spending nn the tv pc pf jirsiLi U, how 
d™ Till’ Iran Jrlil tier is te tile gnu mil. 
.inti even Piow J tund-hfid ttainmiHer 
Is held ((he operjinr's body in this ust 
providing the uruund link). Such 
efieeta ape not usually slgpirleant when 
oprratmj a transmit let. but since Ihcy 
■ire present it jj ad vantage pus, wtteh 
WtJalry tunlnjj a tra/uinftter ini mas,i- 
nrnm RT output, ip Isold the 
triPSanitler in the way il w 1 1 Ourm.irl y 
be uSi’d, np^ch the opera toi standing OPI 
J typical |! ■ i.n.iriJ sarriace. 
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HeditiUan patterns 

The ido.il radiation pa ttern of .1 {nominal] qjuarter-wjve dipole serial * is 
shown in figure 5. t2 The actual fiatlci rt achieved is usually distorted 
however, often Oh Mining sidelubcb an£ | C^Bgcratlng I he null point ' 
immediately above the aerial, fn plan view, the rjdlid.liion may a3 m 
i>t!p.u L markedly from a circular pattern, showing preferred directinns 
for signaf strength, although (he differences in this Configuration are 
usually small enough to be quite negligible, even at exlteme rang,.’. 

rfH- main Ijci <h-nr emerges is that maximum signal strength is 
radiated substantially at right ang&es [□ a rod aerial; and the weakest 
poiht lor receiving the signal fit may rVL-n be a Complete 'dead' sp.it; is 
directly above the lop of the iwfel. Ji Follows,. therefore. that for 
maximum rang? the tranumiltur should be held to position the aerial 
vertically upright. For ctow working, u.g. with a model jrrnji l.tm* 
directly overhead at a good height, it may be naoes mr y ]□ angle the 
transmitter to utte side to avoid the null spot and avoid lcioL.icE. 
Pointing tfte end of the aerial at the model to be controlled will give the 
kmest range of all. 













Rjd id -canl railed inoilnl HcliCOfrfer 
Imvcring in lliyhl aver j lull-si*CiJ 
ilrtrjii I he lie Huijli k-r [Eocivcr 
jerijl ii 1 wire li^n^nt; down from 
I he fuscliur. 



% Acriat coupUng 

Inductive coupling. is commonly cmployed between Jlic acriaJ and 
tuned droiiL Optimum Coupling H usually obtained by one Complete 
tutfi in the case ol IransmiLtcrs using air-cored toils; and 7 to l.Vi turns 
cm transmitters or receivers using dose-WOO red tuning colls-on lormm. 
In the Case of receivers die coupling turns can be made from the serial 
wire itseir, taken around the tuning toil. 

Alternatively, capacity Coupling is commonly employed on receive 1 
circuits, the aerial being connected directly loan appropriate point on 
(■lie circuit via a capacitor. 

Aerial design is considered non-critical in the tase of rv'Lcivers. Any 
Lhin fits, is suitable (normally insulated], the ustlill length being 30 
Inches, On any installation the aerial wire should be laSsen away from 
the receiver as directly Js possible and stretched out La its full length 
in the ease nl aircraft, run through the fuselage to the (Op of the 
fin). The 'run' of the aerial wire Should avoid close proximity to other 
giiLuit wires carrying alternating or fluctuating CUftents; jnd ideally 
should nol lie parallel to current-carrylrtg wires or lengths of metal 
linkages, etc, 

Whip aerials, (of even vertical telescopic aerials( arc an alternative 
possibility generally favoured for model hoats, ful example, where »1 is 
di hi cult to obtain a brig horiwnlal run of ncrisl wire. Length may he 
(educed to 2'1 inches in the case of a whip aerial, if desirable. 
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fe SINGLE-CHANNEL 
ACTUATORS 



t. F In [1-0 itugMCic actuaror a pivoted 
[witidiitiH rfidjiiwi li nude to rotate 

LMI'J WMY rjr I lie a li' Cr UrtOt# ik: 
Influence ill m coil, Fpwti iiu1:>jL 
avaltgble is very In* 


6.2 F he priUKlfil!! parts nr >n 
Eicdptmiinr movement, 



Mauncilc IClUlEOr mourned nn tune 
parol is receiver. Actuator is shown 
srpjr j leiy top right. 


Thesro arc two type of acluatufF, or device wfii eh convert electrical 
signals into mechanical output: (1) electro-magnetic devices frayed on 
an eJeclrcMTi-iflneiL controlling the movement uT A mechanical system , (2) 
motorised actuators where the required movements arc obtained 
directly from nn ciccLric motor. 

The former type are divided into magnetic OCtthiiors^ and 
escapemarth. A magnetic actuator consists OH a permanent magnet 
surrou rided fry a field coll r erne part (usually tfre magnet] twins pivotally 
mounted, and spring biased to assume a certain pertitiem. If il current is 
passed ihrough Ihe field coil this now becomes an cleCIro>m.L|j;pct, 
iirrr.it!in® nr repelling tfre permanent magnet, which rotates against its 
spring rostra ini [figure fr. /]. This tan provide output movement hy 
virtue of the rotation of tfre spindle carrying the magnet, with 'power', 
or r.ither torque, proportional to the slrcnglh uf the rn.sgnctic 
attraction or repulsion. 

Although simple, and light, magnetic actoalor* hare low power 
outputs and limited movement capabilities, normally just rotation in 
one direction, and then back again They have little of no application 
lor normal single-channel radio Control, although, they may be used in 
pulse proportion,iI systems (vi'e Chapter B). 

The eintpement can again bt‘ made small and light ill weight, but its 
mechanical design urn provide a variety of different movements,, leading 
to the tkvdopmem ot diflcrenl types of es«pcuncnls. I he basic 
opemtipg principle is She same in .ill cases. All electromagnet is again 
employed, in the form of U single coil, which is used to work A pivoted 
armature with a rocking movement, I has movement controls the 
position of an arm, to whkh some sort of external power is applied. 
This is usually a simple rubber-band motor, but can be cloLkwork The 
midrun.k-.il output power available from an escapement is then ihe 
same as the amount of power applied lo the arm. T he power available 
from a two-strand rubber-band motor is sufficient to operate a control 
surface on a model aeroplane. 

The operating principle can be further followed from figure n. 1 


b SINGLE-CHANNEL 
ACTUATORS 



fc.F In rl>0 irujEM'ic actuator a pivoeqat 
ptritidiitiH md^iirt li riti'lr to rotate 
fruc WMY rjr I he a Lh cr UrlOt# the 
Influence ni m coil, Fmrci ciuipiti E 
available is very low 


6.2 F he priUKltilc parts nl an 
Eicammiinr movement, 



stauncilc actuator rmninted nn umi: 
parol is receiver. Actuator fr shown 
KpiULdlY top right. 
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f.3 Escapement jc[if»n tan Im 
fni|n<rt-ci) IruTi thh flUsr.iin, 


6.4 S=qii«ncf til ncapcrtHmt 
uiDVEmenE. 


w+lich shows Lhc simplest form of escapement with a single- 
(doublc-endedf jrm. Output motion Is derived by cranking tfie end of 
[Jhe spindle carrying the arm h to which a mechanical linkage can be 
attached* Rotatiun of the crank will then drive this linkage with a 
push-pull action. 

In the ‘idle 1 position ihe armature will be 'rocked 1 away from the 
escnpyttienl coil by .t spring the movement being limited its necessary 
by a stop, Since power is applied to the Spindle of the arm il will be 
irying to route, but will hi' held in a certain position by end 1 abutting 
against end A of the armature, in pi aL.[lce p both the [trill eodi andl the 
armature ends are Specialty shaped lo provide optimum l l;ilthing'jnd 
'release' actions, 

IE the escapement coll Is rot energised (Le. the actuator circuit 
completed or switched Ofl h allowing current to flow through Lire coil), 
Lhc armature -Will pull in and release the arm. t he arm now rotates. hut 
ii brought Cu a stop after a quarter-turn hy einf 2 abutting against 
armature end EL. 

Release of signal will cause the armature Co 'rock" out again, with’ 
drawing end B ftom the end of the arm The arm will thus make a 
lurcher quarter-turn movement until brought to test again hy end 2 
abutting against armature end A 



6 f Escapement movement lilted in ■. 

movable SOItrroJ surface, 


This sequence is, shown In figure G-4, together with the corresponding 
crank positions. To understand how this can produce corresponding 
movements oE a control Surface, suppose the escapement is mounted on 
its Side. With Che crank pointing upwards, simple linkage as shown in 
(Wtc 6.5 coupling Co a movable control^ such as a rudder, would then 
produce the sequence of control positions shown in this diagram, 
namely: 

(I) initial position lor no signal command present) neutral rudder 
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1 fXirrtitft! of ilrnp:c rruiri'icl ie 

jlIuj.LlT WiUl LfililiPd Krin For deriving 
□uLpul machMS. 


TunsmilLc I, fif*b*r and cSCipOrtWnl, 
U-iuwInJ fcljlini iSiei. Simple 

ciciptmtn ti ljti be biritE unjblEl j.rd 
tighter, hut need preckinn 
iMMiFattitr? 


(2) signal on (energising l he escapement coil) full rudder movement La 

-ihie side 

(3) signal off- rudder returns Eo fiirinr.il position 

(4) signal on full I udder movement In ihe alhc-t side 

(5) wgfi.il of f - rudder returns !o nculr.ll paction. 

This sequence can then be repedtetl indefinitely, the three irnpewtanT 
lacUifs being as follows. 

(a) The control H self neutralising, i.e. always .returns lo the neutral 
position in the abse-flCe of a signal. 

(hi When a Command signal h pwi she cunirol moves to its maxi mum 
position .Hid will stay there as long us the signal is held on. 

(c) Opposite control movements are only obtained in sequence, with a 
'neutral" intervening- In other words, lo repeat a particular control 
movement say "fight njddcr" after 'right rudder’ was the las! movement 
before the return to neutial ihe escapement mus! tie signalled through 
the sequence of "Icll-ruddcr 1 full owed by 'neutral’ and then 'right 
rudder'. 

This type of actuator is self neutralising (known as aS/N type}, 
because it returns to neutral on release of signal. The fans Ehal a signal 
has Lo be held UP lo produce a control position, that the movement 
involved is a'hang-bang.' Lyptr, add that control podlions can only he 
sifinaflcd in btxfuetKe are ail characteristics of simple singlE-channd 
actuators. 

In a practical installation the aClUittor is usually mounLed vertically 
and thus ihc crank rotates in a VErltcdl rather than a horizontal pUrw. 
The necessary motion for operating a rudder control can I hen be 
obtained with a rocking arm type linkage. as shown in i/qurr 6.6. 
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6.(1 B±iil n r.icri r.i I ir.-jngfirnKiil of 
[l-jnsferring rnc.((|n£ arm movement 
ill rived TroR escdiHinwnl cunk jjifia 
rudder mgmnent. 


Typical simple sJn(fJe-Lhj.nrri 
escjpcmem iiSfimbled tin p^nnl|fl 

PJJIfL TJ| is pj.r>el urve* l r tK ;nau»lliij 
lHf HCUMflMIU, Note use of single *rm 
rrt<uvement, 
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There are jImj alternative ways of coupling up control operating 
linkages ID a vertically mounted escapement (^Chapter 12} 

Because the action of Jrt escapement is rapid movement from 
neutral to a Loncrol position, or from a control position to neutral, only 
lakes a small friction of a second-it is possible Co switch through J 
complete sequence, it necessary, without Lhc 'opposite' cunlrol positron 
having any effect. Also It Is very easy to become thoroughly familiar 
with the sequence Involved, so Lhal signalling a particular position 
becomes instinctive. 

IC, fof example, the direction of rotation of the escapement arm is 
such [hat the first Signal gives 'right' rudder, either control position can 
he selected on the basis of operating the [ransmiiter key in the follow¬ 
ing manner, 

For right rudder- press end hate 

For fefif rudder pressrieieose-pnesi antf ftofd 

If a sequence is 'lost' as can happen-it is Ohiy necessary to press 
and hold the signal and observe the response of the model lu establish 
the (rue 'last - position of the escapemenl. 

On same transmitters this type of sequence switching h provided fos 
automatically, using 3 joystick conirut instead ot a simple keying switch 
fmicroswttch). Movement af the stick to the right would then give a 














































1 DDchcd wK'i;: is prtTtruld liter 
l ype estapejnpnli, rather Hun 
erutlfujrrn aim, 



!> •' Compound KtLapeme.H with 

wlEtilve "hold 1 poMthoos I lod 3, 


single signal, held; and movement of the Slink to the left a sequence of 
switch oFi-swiELh off'swttdh on and held. 

Modern simple S/N escjpemenls usually employ j cruciform arm 
instead of a single arm, cine afm being "sfean:' and one 'Ions'- The 
advantage nt this is ihal it enables the 'stop' and ‘m: lease' , tut ions to be 
performed by a single detent or Ihr pivoLcd .u mature The actual 
sequence of movements inexactly the Same. Alternatively the arm 
can be replaced by a din; wilh 'teeth'on the periphery , although 
Ibis ttifin Is normally used with a compound escapement. 

The compound escapement produces se/t'cVn-p action in the design of 
the escapement itself. In its simplest form il employs A routing disc 
with two ‘teellh 1 diametrically opposed, with the original type of 
double-ended armature \ figuw & ?). The first application of signal will 
iclease the disc, causing it to rotate through A quarter-turn '90 degrees) 
until il kbrought toreSl by armature detent ti. On release the disc will 
rotate through three-quarters of a turn (270 degree*}, li> return to 
neutral, stopped by deient A. 

If an 'opposite h.lNd' signal is given plrsS-release-pfPiS and hold the 
first signal pulse will release Lhe disc, allowing it to rotate. By the lime 
the first tooth has reached detent B position, however, (he armature 
will have dropped out due to the release of signal and so rotation will 
continue, By the time the loath has completed 270 degrees ot rotation 
the armature will have been pulled in again, so detent B is rww in the 
way id stop the motion after 270 1 degrees oI rotation This position is 
held as- long as the signal is held, On release of signal, Lhc disc rotates a 
further 90 degrees to neutral again. 

This is the same as the simple 5/N movement, the only dilfcrcnCe 
being that contralled liming Is built into the movement- This Is usually 
done by adding a ratchet brake to the disc, deliberately slowing its rale 
uf rotation in match normal 'press-release-press and hold' signalling 
times, The advantage over simple S/M working is that there is no need 
deliberately to Stop and release on She ’opposite' control position Lu 
ensure that the sequence kit bean properly selected, ALso the jCIuaI 




Dcmipound ticapemepi wns auxiliary 
twiichlng cermets. 1 coined wheel Is 
ifuw<a by * iflten*s-tytur brake. 










Awl llATP 



CnB EKipatnfnl wi|h auxiliary 

Witching lu iiUl-U. 


SKO»j)fr 



A*c»i*** 

r a i ■*! ■ 


6.y Wiring [□ 'iiolatc'ihfl iu*iilijry 
IWUchtng contacts. 


'Liming i>[ the press-release-press and hold signal is (offtcrlCKill because 
uf the blower movement involved. 

Tu produce ratchet braking Ihe disc is normally made in the lorm ni 
J gearwheel with fine twih ail around the periphery. An ihc top is 
tttoiJhtcd a loosely pivoted ■faule-r' to work as, a rstdiet. The braking 
effect achieved is normally to reduce the rotational speed qtf the wheel 
to the order of one haft to one second per complete revolution. The 
'iratir lor providing the slop-and-gp action for the escapement .ire ill 
the form of protections on the face of the wheel, the whole wheel 
commonly being i single moulding ln> nylon. The use of a metal wheel 
with it metal rattler must he avoided to eliminate the possibility of 
generating electrical 'noise' which could interfere wiLh the receiver 
circuit, 

I hc same principle cap be extended to provide a third 'selecliuc' 
COPtful position an Ihc compound actuator movement. One basic 
method is to include a third tooth on I he wheel, quiLe close to I he 
neutral position so that when this position is held Ihe main control 
linkage l on netted ta rudder movement is not appreciably displaced 
[figure P.S}, This third position is Lhen defected by ihe sequence signal|; 
pWit-FtfctiW-pfitff-rztosoprcss iffltf huid. 

When this signal lb received the dive rotates to a position where a set of 
auxiliary mo tacts arc dosed, these being connected to a secondary 
control circuiL 

There are, however, limitations to the use ol such a third position for 
switching. The switching con tacts are, in fact* momentarily closed every 
rime the drsc makes a complete rote Lion in selecting Ihc main canlrnk 
ibis means I hat rhe secondary actuator will he given an unwanted 
momentary 'trip' signal with every relation of the disc. which may or 
may not have an unwanted effect, It could, lor instance. La use an 
escapement used M the actuator in the secondary circuit to 'trip' to its 
next sequence position each time. 

This possibility car be climinaled in the case of a refyy receiver by 
using the back contacts of the relay to 'isolate' the auxiliary switching 
contacts, as shown in figure 6.9. The secondary circuit is wired through 
Ihc 'unused' half of the rd*y contacts [Le. armature and INC Contact), 
Unless the third position is deliberately signalled I he condition oi the 
receiver relay when ihe Lfiird-position tooth sweeps past ihe auxiliary 
contacts and closes them is dropped out, Thus the actuator circuit, 
taken through the now 'open 1 relay contacts, remains hroken. Only If 
the third position iiheld Will the relay he pul ltd in, and the secondary 
actuator circuit fully completed find switched on, 

I he meLhod of -signal(in* the third position is relatively cumbersome, 
however, and is normally replaced by 'quick-blip' signalling un modern 
oompountf actuators. 1 he working ot this tun be explained in conjunc¬ 
tion with figure 6, JO, 

A cam, or projection, on lh--‘ disc is positioned as shown, so that a 
pair of ton tacts are momentarily closed every lime Lbere is movement 
away from the neutraj position and immediately following it. These are 
Wired through the relay contacts again, to provide 'isolation'ot the 
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auxiliary circuit when d main control position k signalled by ensuring 
that live auxiliary circuit is completed only when the relay is dropped 

(Alt. 

Either of the nuln control pnritionrs requited will be signalled by a 
deliberate press (which may he followed try release and press again). 

Oyer the initial movement, when the auxiliary contacts arc manwnt- 
arily closed,, the relay will thus be putted in. 

if, however, a very quick s?gn,il is given--a quick 'blip' fallowed by 
immediate release Lhis will be sufficient to release the disc, but Lhe 
receiver relay will have dropped out by the time the muvemcnl has 
dosed the auxiliary contacts, thus completing the circuit. This will give 
j II ip signal in this circuit,, sufficient La release a secondary escapement 
to move lu its next sequence position. Meantime, of cour se, since the 
signal is released virtually as soon as al has been given, the main csCapv- 
ment disc will simply complete a Tull rotation, reluming lu ns neutral 
position. 

Timing of the 1 "quick-blip' is obviously important. If not quick 
enough (i.e. if held a fraction TOO long), the relay Wilt remain pulled in 
as Lhc auxiliary contacts arc dosed and the secondary utrcuiE remains 
Open. This is a 'sate' form of failure as nothint will happen on the 
secondary service; and a further signal «n be attempted with a quieter 
‘Nip 1 action. 

Quick-blip signalling is provided as a separate pr«sbutton control on 
some transmitters, rendering this signalling independent of operator 
error. Pressing this button Tor any period merely trips a 'qqick-blip' 
signal of the required time interval to suit a matching compound 
«capemnn1_ 

At one time particularly be Tore the introduction of the 't|i lick-blip' 
signalling idea when 3 -position and + position sequence controls were 
widely uw.-d with single-channel. mechanical switching devices were 
allied tn the transmitter tu provide the corned sequence signal from a 
single movement of a contra) slick. Thus moving the slick to the right 
would initiate a ■hold" signal to give right rudder. Moving the slick to 
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Mu hir- C iCEujtcir with linear OU l i:.u t 
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6.1 I Two-p<Kitlfnv |2P] diul four- 
posniofi (4F| motions derinsd 

6 ? 


Ifrc left would automatically give a trip signal fallowed by hottf', i.e. 
equivalent to press-release-press and hold on a conventional single 
channel key, Sequence signals for the other position^) would then he 
initialed by up or down movement of the slick, or by pressing separate 
signaliing button 5 .. 

These devices were known as 'bleep boxes', In theory, at least, they 
simplified sequence operation of singte-chanmel controls. In practice 
they proved Generally unreliable because of the CUhwquencc of a 'lost' 
sequence which could be sent'rnted accidentally, throwing the whok 
sequence not. The principle of 'direct" signalling is slrtt applied to Some 
transmitter designs, but generally restricted to the two main sequence 
positions (right or left rudder), with a separate button for 'quick-blip'. 

The tfltfd-pont/tif) signalling facility normally provided on Compound 
actuators has been related only to relay receivers. It can also be ap[died 
to relay less receivers only in th-i-i case the escapement tbti actuator must 
incorporate both a pair ol auxiliary contacts and a second pair of 
contacts Controlled by 'position' which take the place uf the relay 'back 
contacts' and provide the ncEX'iMfy form of isolation. 

This Is standard practice Oh most modern compound escapements 
since-escapements arc normally selected fur Iifphfwc-rghr installations-, 
where a relay kss rather than a relay receiver is the logical choice, Also, 
as previously noted, rclayEess receiver oulpuK are normally designed to 
maLch standard escapement loads as represented by their typical coll 
resistance of £ ohms. 

Self neutralising (£/N| escapements have been described first, since 
These arc the norni-il choice for main controls and essentially so in (he 
case of viircrafl rudder controls. The- action nF on escapement can, 
however, equally well be progressive, or merely move Ffnm position to 
fXKSitiun in sequence. Progressive escapements are Usually described by 
the number of definite position*, they provide -normalI ly either 
2 ’position (2P) or 4-pcuition (4P) {sw figure 6.11). 

The Other difference is Unit to change Irom one position Lo the next 
In the sequence a progressive escapement only needs robe tripped by a 
momentary signal, no! Signalled and hefdin position. I his makes them 
suitable For use in secondary services signalled by momentary closure of 
auxiliary contacts 

A 2P progressive escapement will provide two definite' positions, but 
n 4P escapement will only normally provide three. This can be 
explained by considering the use of the two Types as a throttle control, 
ns shown in figure 0,12 The twoposhlori escapement can be linked to 
mow the throttle between extreme movements fast-and will 

move from one lo the Other in sequence, fhuswhc.. • ^cd as an 
auxiliary service It Will provide throttle changeover, i,L from fast la 
stow, or stow to Fast, 

Th« three-position escapement will provide two extreme tbroitlc 
movements, with one Intermediate position (realised twice in ,tny 
crimpFere sequence}. The throttle Control sequence available is thus: 
skiW'untcrmedsate-fast-intermedaale-blow-etc. 















MtJitL-fiJTKihur UntiD-thanncI 
escallc meil L with bullE-ln swiLLhin); 
ji! lti wis'iajly dniprw-d [or n■:tiJ■ I 
tiajE LDnJrDh, 



6.(2 Thraltle mnvEmtnJ cantrallfd by 
.’P ,ind 4-P 4[(ujIrjrS. 


Modern ntbififbtd jh luamF. bin fur 
wn^lij Llurni- l urtiikinx, motorised 
jlIu iLurs l 1 l'cntu jjlv look pvtr fur 
cniiprmeii Li pi beinjj more- [mwefful 
and more rtllphle , 



I "hsS has chc advantage ui providing an .iddiLnjn.il throttle position, tmI 
no pas'll? selection. Thus if the con troll is in the intermediate position, 
the next signal may g.ive cither fast or slow. If the response was not 
wh.tl was required, then two HuMber signals will have to be given to 
jchtcv-L the required conlrol position. 


Extension of irse of oc motors 


fine main escapement or motorised actuator is normaHy vlcOed to 
provide the main control function required. A further switching facility 
■on this actuator can be used to operate another service, Of even service?- 
t he extent To whldl this is realistic in practice depends mainly on the 
application The scope and extension of actuator services is, there foie, 
dealt with m appropriate chapters, far example ChilpKi 1 2 describi - 
singHe-ch.mnel aitCiaft Control systems, and Chapter 1 h single-channel 
boat control system-!. These chaw how ^ingle channel actuators may bd 
further grouped or 'cascaded', and how Other forms of single channel 
actuators, -arch as sequence switchers, may be suitable for particular 
scrv ices. 
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PhcHuJL Radio Modeller 


fn the case cj i cascaded actuators [either #scape men ti or fTHMonwil 
actuaio-rs), best results am usually obtained witih 'malctwcT Actuator? 

Le. two [or more) produced toy a single manufacturer specifically for me 
In eAsc.uk 1 However, the manufacture of cascaded actuator* {and singte- 
channel actuators generally) hasUpered oil'considerably since 3972, and 
such type* may be difficult to find. 

Motor isPd *' tMtoff 

Ljcacnly tk sarTR- functions can be performed by electric motors 
controlled by suitable switching circuits swept by brushes controlled by 
the degree of motor movement, Such units are known as maturtwif 
(M-tutitors, Of singlendiannel actuators (rcFcuih|J Id (he electromagnetic 
types as escapements). The advantages are considerably more power 
output available; generally greater reliability (mainly because they arc 
divorced from reliance on mechanical trip movements. with I heir 
possibility of ‘skipping 1 or 'binding 1 ; and Freedom from the necessity ol 
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n ck k I raj Hnr riiipiii 

if, I 5 RDtJijnjf disc *nd rocking arm 
□uEpnl. rpovE-mEntS. 


txaiwli Ijt 1 HKBB-pOliilJOn tflOtBriJEll 
ill tuslni with disc Jv;ic LiuLput 
movEnwnl, (".uver jpi! diisc rcmisveU in 
iwimm picture. 



accnmndating some 'external’ torm ol power (e.g. ihc rubber m*LOf 
normally used to drive an escapement). Qrt the debit side they are 
bulkier and h-cavier, usually considerably more cosily type-lor-iypc, and 
[have a higher electrical input demand, The Litter largely excludes iheir 
use for direction connection to miiyless receivers. 

Motorised actuators would be it normal choice on all types ol models 
where heavier control loads are involved. !e.g, larger aircraft and the 
operation ol boat rudders). Mechanicil output Is usually presented in 
the form of a disc or arm With Stop-and-gd rotary movements to which 
push-pull linkage may be attached directly {figure 6. J3). Alterniitive 
coupling positions provide a range of both output movement and force 
moment. The thrust output available can be-quite high, even when a 
small electric motor is used, because reduction farina is used between 
the motor spindle and the output movement to provide realistic transit 
times. This results in considerable torque multiplication, 

Single-channel motorised actuators meaning, basically, they provide 
bang-bang type control movements, responding to ■ample on-off sijpial 
iripuLh- arc produced an all the same types as escapements: simple S.,'N, 
compound S/H and 2-position or 4-ppution progressive. They arc also 
mure readily adapLohlc than escapements Id multi-pusiliori (sequence) 
progressive actions, if required. 

The main diIterance between a rotury output servo injury disL lh 
rotary Jrm) dud a linear output servo (push-pull action), is, that the 
movement ol the former is non-linear. Both the travel and rate of 
push-pull motion derived in the linkage decreases towards the end of 
the first 9D degree movement, and then increases over the second 90 
degree or return movement. This is because the driving rrwvemenl j'.C 
rotary With a linear output «mo the output motion is driven through 
rack and pinion gearing. As a consequence the movement has j constant 
rate of travel. 

In the ease of cascaded aclvators (either escapements of motorised 
actuators), best results arc usually obtained with ‘matched 1 aclualOfS 
Le, |wo (or morel produced hy a single manulacturer specifically For use 
in cascade. However, the manufacture of cast ailed iiiuators (and 
single-channel actuators generally) has tapered off considerably sm-cc 
1972, and sdeh types may be-difficult tu find. 
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7 SINGLE - CHANNEL 
OPERATION AND 
TROUBLE-SHOOTING 


It kan inescapable Fact that the majority of rjdio-t-u*rvtrol 'fault*' occur 
twc.uise equipment wav never thoroughly cheeked and adjusted, it 
necessary, before attempting to Fly or operate the model. Particularly in 
Ihi! hso o( aircralt— where radio failure can he disastrous a model 
should never he flown unless all the controls check out ns working 
satisfactorily and reliably. isymplum&of'skipping' actuators or some 
other incipient fault will IWt 'come right' in the air. Almost invariably 
the reverse is true, 

Wiring-up or connection faults aru virtually eliminated with pfe-wired 
commercial receivt'f-acUtalor-wiring harness installations lihe taller 
incorporating battery connections DF1 battery bus). The only likely 
Fault is Installation of the battery cells with wrong polarity in a battery 
box. If the installation has been wired up hum scrilth, however, it k 
essential lo chuck the circuit through, wire by wire, before switching mi 
for the first time. Mistakes in wiring up connections are very easy to 
make, arvd wrong connections could cause damage to the receiver 
transistors on switching on. 

Commercial transmitter and soperhet receiver Combinations are 
factory tuned and aligned and need no further adjustment or tuning. 
Supcrregen receiver*may nts-ri- he factory-tuned, but provision is made 
fur individual tuning, via a tuning control, and sometimes also a 
separate s&isfttvity control. Both controls are in the form of coil slugs, 
accessible from the outside of the deceiver case, and with a slotted end 
which can be turned by a screwdriver. Where two separate controls are 
provided, adjustment is micriicpendent to some extent. Thus alteration 
ol one may aff ect the response of the Other. With most modern 
receivers, however, only a single tuning control is used, and tuning k 
generally straightforward. Explicit directions arc normally supplied 
with the equipment. 

The screwdriver used for turning a tuning control or sensitivity 
control mint be non-mctallk otherwise its proximity to the component 
would temporarily affect its behaviour. Alternatively a plastic kniiung 
needle, a rod nl perspex or Pax.nl in (sharpened to 1 chisel end), Of 
indeed ally suitable instrument of insulating matcria.1, may be used as a 
tuning tool. Some tuning slugs have i hexa^-mal hole for the tuning 
tool for which plastic Tuning wanck are available to fit. A metal Allen 
key must mi be used in such cases, 

Initial tuning, for convenience, is best done with the transmitter and 
receiver fairly eloW together, but not too close as Otherwise the signal 
may 'swamp' Thu receiver and make it impo&hible to tunc. Transmitter 
output, tor initial nr close-rang.?.’ tuning, is usually reduced by refracting 
Che aerial. Tuning, basically, then consists of finding the range of 
movement of the tuning control over which the receive! responds IO ihe 
transmitter signal i.e. From one position to the Olher where the signal 
is 'lest' III each case—and then finally setting the Ulttlng adjustment in 
the fnlddfe nt this range as representing the optimum tuning posit ion 

The easiest way to judge whether the receiver is 'working' or not is 
simply to connect up Lhc actuator. In fact, with modem transistor 
receivers this h often the only way. The receiver is obviously 'working' 
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or 'on tunc' whun ihc actuator respond* to a transmitter signal, and so 
tuning is adjusted (o the middle posilioo uf the "on lime 1 range. 

With a slngtr thjnncl lone rec river tuning may also he done with 
headphones Suitable Upping points fur (he phones may be indicated 
on the dratfl diagram ur provided For on the cable plug, With ihc 
receiver switched on hut transmitter off, i characteristic hiss will be 
heard in the phones, indicaling thai ibe tuper-negenerative circuit Es 
fficiltaiing correctly, Wilh the transmitter signal 'on 1 the receiver is 
tuned until (he hiss stops, The I lining control is then turned further one 
way unUl the hissing siart* again; then baLk in the other direction to 
the extreme point where hissing Is heard again. The middle position 
between these two settings establishes She optimum tuning point. 

A meter cart be used instead of phones The meter will straw a 
nominal idling current which will drop on receipt of carrier signal, The 
receiver is then tuned lor minimum idling current with the transmitter 
can-ier on; and finally it is checked that when the-tone' is keyed the 
receiver currenl risen, to the specified value. 

The use of phones in the circuit, incidentally, can be extended to 
lislenin.-! tor ‘noise' generated by act ijjL or linkage, etc. It es niters quite 
surprising the amount of 'scratching' iwii^ ihaL occurs on Operating a 
control. If bad, the source should be traced and i he cause rectified I see 
later). 

Tuning must then he re-checked at range, this time with the leans- 
miller aerial fully extended and the iransmiller in the normal position 
it will assume in use, e g held in the hand, or ground-standing. Model 
aircraft should also be held about shoulder high. final tuning; for boats 
tfitiit be done with Ihc boat in water. Tuning procedure is exactly as 
before except that this time it will he found that the ran^e of move¬ 
ment Of the tuning control to slay 'in June' will be appreciably reduced. 
Also the central push ion may he somewhat different from that round 
by inili.il tuning, 

The distance at which the idnge-chcck is carried out k largely 
.irbitrary. A 200yard range is generally adequate for airlufi, with less 
irsr b<H.ts. Ills important that a range-check h carried out, however. 

A further check must now be undertaken with the engine running, To 
Me if vibration Is Upsetting the receiver relay (in the case of a relay 
receiver) tw the actuator, causing chatter; and that there is no 
mechanically generated ’’noise' which could inlcrfcrc with the working 
r,i (he receiver, Ideally this engina-on check should he carried ouL al 
both short range and long range, hut with d>c high reliability associated 
with modern equipment i short range check only is generally sufficient. 

Should (roubles show up, such as Lhc actuator 'skipping’, or Jailing to 
respond to transmitter signal, possible causes and cures are: 

(I) Engine-receiver combi nation not suitable, Le. the receiver Is 
suvcepUble to vibration m the case of an i/c engine; or 'noise' in the 
caM at an electric mo Lor main engine. 

Possible cur* for vibration troubles 

(a) Try to reduce propeller vibration in Lhe case of an ife engine either 











by Kiting a diF'lerenl propeller, clamping the propeller in j different 
partition on the shaft, at balancing the propeller 

(b) In the of a relay receiver, by a more Nexlblc mourning lor the 
receiver and, Of, try the effect qI positioning the receiver in i different 
way (e.g. at right angles to the first position! 

(e) Tty mounting the receiver in a different pan of the model where 
vibration is less pronounced. 

jd) The relay may be crlllcafly adjusted, Wrlh efu 1 possibility that 
read|;u si merit will Cure the susceptibility to vibration. 

Possible cures i or electrical interfere net and 'tHtise' are: 

(a) Adequate suppression of motors Of actuators. 

{b) Spark suppression of relay contacts. 

(c) Bonding ar insulation applied to metal linkages, 

(d) Local ing the receiver ;ls far as possible away from ekctric motors 
(e.g. servos or main drive motOfjs}) This is no substitute for adequate 
motor suppression. 

(ef Receiver aerial badly located. Reposition lUfi ol the aerial clear 
From other current-carrying wires, and avoid running parallel to such 
wires, or mechanical linkages. 

Just how frequently tuning needs (o be checked depends very much 
on the stability of the transmitter and receiver, and also whether either 
may have received nsechankal damage or severe shock. Given good 
quality equipment it Is usually satisfactory to repeat a bricF shorl-rangr 
check beiofi: every outing. IF after Ihii initial range check tuning the 
extreme runye given when the transmitter aerial is re traded is Found, 
future checks at |u*Lihori of this range (again with transmitter aerial 
retracted) will confirm that tuning is in order. If this (aerial retracted! 
range is found to be drastically reduced, then re-tuning is probably 
called tor. 

With some ali-transiitOFS operating wilh the aerial re traded at 
removed cap result in overload and damage £u the output transistor. 
This will normally be noted in the instructions tor that parlscLrl.lf 
transmitter. Short-range checks cannot be made in such cases. 

A common cause of lack of range and/of sticky actuator action is 
low battery voltages, particularly when small sires ot dry batteries arc 
used. In a majority ot cases small dry batteries (and particularly thiTSfl 
used as actuator batteries} are Subject to current drains far in excess of 
their nominal rating. As a result they polarise rapidly and quickly low 
voltage. 

AH battery voltages muji he checked on load, i.e. when in the circuit 
and switched an. Il Is quite pointless lO measure the voltage ot a 
battery limply by put ting a voltmeter across its terminals. Buttery 
voltage on load should be measured when the circuit has been switched 
on lor a minute or SO (in the case Of receiver and transmitter batteries}; 
nr during the operation ot an actuator (in the case of actual or 
ha times}. 

Receiver and transmitter batteries have a nominal end-point voltage 
below which satisfactory performance will not be given, This cfr>e> 
nut mean th.it >hey can be used right up to this point. Range will 




decree aU the time with falling voltage and when the &attory 
approves iLs nominal end p^uim It will be quite substantially poParised 
ail(J likely to suffer a further voltage drop quite rapidly. Asa genera 
mle no dry battery should be used after its 'on toad' voltage has 
dropped to 0.3 limes the voltage it showed when new .md frevh. 

Du not OWr look the fact dial low transmitter batteries run bejtlsl as 
rriueh a cause of luck of range as low receiver batteries. Receiver 
batteries are normally regarded as the ‘weak link/ largely because I hey 
are of the smallest practical size to save weight and bulk. The current 
drain Ort hand-held transmitter batteries is quite high, however, and 
they need frequent chedtmg, 

Battery troubles arc largely eliminated by using nickel cadmium 
batteries instead of dry cells. 


Fault-finding 

Fault-finding is not a MJbfeci which tends itself readily to general 
discussion. Many faults Which can develop ang characteristic ol .1 
p,i.-Lkui.,i leceivcr or actuator -of even (he transmiEter. Others may be 
specific to installation. Tine most common 'electronic' fault is low 
batteries, followed by dirty contacts. Provided the equipment is 
correctly «t up and adjusted ill i tidily, nhese are lhe musl likely 
electronic troubles—short of mechanical damage Following a crash of 
component fail me. f he latter usually requires expert knowledge to 
cheek arid recLity k i.u the return of commercial equipment Co the 
manufacturer for service. 

Contacts on relays and actuators can get dirty and require cleaning 
A mure common source of dirty' contacts, however, is burning or 
P" ting due to then being called upon to pass too heavy n. current. This 
Lun occur if contacts are not fitted with arc suppression, nr if (he 
-actuator control ltd by the contact is operated on too high a voltage, 
deliberately dwsen to ^ot a mure powerful 'action'. 

Mechanical troubles whrch may arise are: slicking control linkages, 
Cither due to poor design and Installation, or possibly as a result of 
trash damage; or excessive vibration or free movement due to Wear on 
hiii^ci or bcllcranks. These, Jfkc structural damage, represent nor mat 
■model maintenance' and should be dealt will, as soon as the trouble 
shows op. it is more important to keep a radio-controlled model m 
first-clay, condition, regularly serviced, than its fr«-flighi (or tree- 
running) counterpart. It carries an expensive investment in lime and 
money In its control gear. Pn cheeking the radio side at frequent 
intervals 11 is equally important c u appreciate that Ghc moefe/also may 
require regular yervicinft. 













rHOUBLE-bHOUHNt GUIDE: RECEIVERS 


Fiijll 


Ca-jn- 


Action 


U-nes mil work G-Miim. Liu'l Ml-11 

when switched on 

(sjo hating current 

sAntw n on mete# or 

35 ' btSS J heard on 

“photiw n.sed io check). 


circuit fault 
(■cbm pOhc-'l t) 


f 11 Check bjILcricv. 

['21 Check liatlery COfUietllnns 
les^wcially spring iiresm#e in 
batiery haxes|. 

1.1] Check aclu.il wiring m see if it 
jflreey with iuMi uttsons. 

143 Cheek for broken wnes or 
poorly laddered iLiinla. 
fS) Check thJt switch b wo-rhing 
prajK-rly and nui detective 
due let dirl, 

Faulty component. 


□MS nisi respond 
to tran&mltier 
[l-Itlfni -cuneiyt 
shoiVU on meter 
whfltl switched 
on, 'hits' heard 
cm 'phanei bdl 
r» tone). 


Weak batten** 


Nickel cadmium 
AtCUtnuUtpri: Check 
voltage on toad which 
lhuuld nut be lest 
than 1.1 vults pe# cell. 
Srchaig-E It 
necessary. 

Faulty Inning 


Check .iLlual LiHUEry linder luadl 
with yuftaftk voltmeter, prefed- 
atify after the batEtry has heera on 
for 2-3 minciLcs. 

An □h'.nlnlL- mlfllmum laid 
voltage far saEuraLlory operation 
-h il.fi time-; I fie ninnrn.il battery 
voltage [e,g, in the case of a 6 vail 
ifAiitry, 0,9- x u - 4,S vulc as 
measured cm load), Jtfiplae# bat- 
Icrius If approaching thh mini¬ 
mum lujii -voltage flgure- 
Re-Lunu aoalr&i transmitter (trani- 
iiiilLcr an| it short dksuocc and al 
range. Do nCiI AlteiWt «o tune 
near possible IObrc« of inter¬ 
ference . e.g. an ir on shed nr fe nee. 
In the use of aircraft; ntnn ai 
range with Che mcwtel held aL 

bhuuldtl height, 

In it» case of bruts: tunc it range 
ly.th the model in the waLCt. 

In both caws she Erjosmlttpr 


Rctay adjustment 
fault v 


should he used In the normal 
operating position (e.g, hand 
held). 

Check Ihal relay » working by 

SWltchl^S receiver un and off. Il 
working, mrijugi to circuit spetl- 


I'lcation or tnwvtiF«Uirer'» recom¬ 
mended pull in' and 'itrnp aui/ II 
not working, suspect mechanical 
Mult In relay. 

Transmitter Mull Tfansmliter batteries miv be 

weak or transmitter faulty , trans¬ 
mitter jc-ijl nu-i toonucted or 
extended, or poor connection. 


Retry or escape 

Faulty relay 

Check relay a-dltistn’iert, 

inert 'clutters' 1 

adjustment 


iMutof ricn 

Critical Lu'img 

Chock tuning at range 

running) 

Faulty Inning 

Re-tune as above. 


Transmitter fault 

Chtck trinsmhler Inr correct 


Outside interference 
Escapement «pp<o* 

opcracion, e.g. From anoiher 
transmitter. 

Replace with Smaller section 


i,- j,j strong causes 

mol or or reduce number ul tuihS 


cu-diitirtsi [0 J ski(i' 

supplied 


under vibration, 
Escapement muLul 

Immediately spp.rml as it uCCurs 


wound wrung way 

01 ) winding 1 hr escapement 


Escape me nL faulty 

motor, 

Pawl or uetnii nut property raked 
□r set. 
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rROUflLE-SHOQTJNG GUIDE! TRANSMI r rtR5 


Fauit Cause Acliqai 


Control iui Ule 
■ or actuator 
st lets "an' 

Escipemenl motor 
too strong—lacking 
tSCCLpmepE 

Escapement motor 
un wmnto 

Memorised Hluatars: 
(11 Motor fault 

(31 Switching circuit 
fault 

Escapement fault 

Excessive friction 

RepMcfl wltli smaller ledion 
motor or use less turns. 

Eooirgb power for One HiaiTBicni 
hut rot return. 

t'okiibly dirty or burnt connhu- 
'•jtor -c Iej n to rtclify 

Clean contact Surfaces, 

May he Curt on pawl or dtunt, 
Cfieek and adjuii Tor proper 
action. 

Check linkage for freedom of 
iwycfirent 

Contr ul surface of 

Escapement motor 

Check that It il rewound the 

aetuupr ulrM 

il n wound 

correct «ay. 

to IT 

EscapeItirltl motor 
[Ou weak. 

Motor tied actuators' 

May (tick 'pp^ or toff. 


\ l 1 Faulty swucliing 

Clean swltchm*; conucii. 


(Jf Olsconritcthl 
mo-tot 

look for ilisa unnet Led wkr. 


IS) Motor fault 

Ctean Lummy tator andi'or replace 
nushts- il necessary. 


Weak ic toa tor 

Irtsufl idcnt to fncrslsc coll, 


bartcrltt- 

Replace. 


hXGiiSivO friction 

Ttoo much 'binding' Tor e^ape- 
metlt motor to htove linkage 50 
flC« up. 


Excessive 

Use riCrodynamic balance ro CLrfc 


aerodynamic load 

Note : Excessive aerodynamic 
load dL high vpecds may equally 
■well lock a control posh Ion on 
by distort!ng 1 he llnfcjcr and ._iub- 
iny, binding. 


Controls do not 
Operate 


Weak aetoat&t 
hai terje-s 

Actuator circuit 
fault 


thirty conbcb 
ftamag+d i oi iUlJj 


Mechanical failure 


Chock voltage under Mad. 

Isokie atruamr dncuil and check 
operation independently. 

(I) Powifrje winIi|j liulu or dto 
LOnnECPOnS- 
IJj J Ory' soTicr lolnu. 

11? Actual or Luil ijhIl 

Check -and clean ai necessary, 

Kc-adjuSt contact 

Contacts may he pntod,. btonL or 

evtit welde-d hy using c*Lcsaiwe 

actuator voltages llllli iIhj 

Includes relay contacts). 

Check for brndltiit linkage, 
broken or selrfd hlnjlfe, etc. 


Controls Interact Electrical 

in Ler Terence 


Suppression or bonding may be 
needed, if not already med 


fteak batteries Additional lord io ucond actua* 

lor rod inui.h Tar battery 
capacity. 

























Relay nr escape¬ 
ment 'dutlers' 

1 Motor running 1 

boelnt/propctler 

combination 

Receiver mourning 

Faulty adjustment 

tkctrical f nnise - 

Check propeller balance or change 
propeller, 

Improve shock-resistant mu u riling 
of receiver or mourn In a diMcreiit 
itthuik. 

Relay adjustment may be faulty 
or weak batteries giving j»or 
'hold in.' 

Insulate or bond metallic linkages. 

Lack of rang 8 

Faulty adlusaments 

Check relay operating points and 
dlfferenllHlS against recom- 
mendailofis. S,pu.:ii1cil1v check 
top cumtrM at range ijbatteries 
may be weak]- 


Cm leal tuning 

Re-cheek tuning, 


Wwk bal&rftt 

Check re(*|wer amt LraltMUltlrf 
bitierles under loud, 


Clung.* □ r atr ial 

Chdck that aerial lengih is correct. 


Trartsmltitf fault 

Cline k transmitter Operation inde¬ 
pendently. 

Fault 

Cayie 

Action 

Apparently no 
wqnal 

(Ftn ikj.P lug on 
field sti uni’ili 
nscEer'l 

Faulty ad|iistmenLs 

Oral! 

disconnection 

Check again it manufacturer 1 ! 
specifications. 

Check for broken pr disconnected 
wiring, Fault in keying lead or 
switch. 


Circuit fault 

Component failure (more oifFjcull 
to trace without specialised 
knowledge. Return transmitter For 
check sod service If necessary). 


Wca k. signal nr 
lick of range 
(Low reading on 
nod strengtn 
meter and short 

r.i’ljif.!' 


Faulty adjustments 
Aerial l.i.ilt 


Weak bsitcrles 

Unfavourable 
OpCfilIng condi lions 


Receiver may not be correctly 
Li,red to Udr'iitll liter, 

III) Check Midi serial is prnfer 
kivjUl (also that Che Id, id inn 

Lull rs Incorporated, where 
vptLlli-.iJ|. 

[2] Check, that aerial h properly 
mounted (e* sand con¬ 
nection *1 h.ict]. 

(jI Check that joints are noL oily 
or dirty on BJneopIt: ac:ia.l. 
(■el Check that aerial Is not 
earthing through faulty SOCkcL 
nr mn-:vLi,‘r« on socket. 

Check baLterlea under load. S(t 
under Receivers. 

{11 TrincmiiLer near damp 
ground wiLh variable ' ground 
coupling' ellecL 

|2) Oirtpul affected by presence 
of overhead wires, etc, 
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E^i'npfc hjF a mnfifl drll&lftned tpesldlly 
fot chinnof '[ii-cnporllcHLii' 

LLinlJDl. Only .Ml I jl L JITE H/lt-lfcl* TOr 
thk h^pt of control, Nn>[n Hitlnj 
MndeJitr. 
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S SINGLE - CHANNEL. 
PROPORTIONAL 



H.i Cunbul suiIjci* lomImiu jI ', driven 
bv an Electric motor Jdu Jlur. 



lAUfihrt-) Slmpl# pulse ju ruatflr with 
sprlm-unim] arm j.-m timpinn i.scii 
l!l lL' lJ lu ‘•nail citurk motor, 


i. HI liifi p I rsnwflltirr pulse r mad? is i 
fepaiJir uni i anal used In toniimctlon 
with surnijrd uttgle-cHiiiinfil 

:r in mti ic I e i 


Singfe-channel proportional systems work an i pulse pmportfctittlf 
meaning that the command signal is sent in the farm of ptllsts, tfw 
iengltr of the pulses being varied in response 10 movement ol .1 control 
slick on the transmitter to bias the actuator to a 'propoftiorul 
position. To achieve this it is necessary that Lhe control surface involved 
oscillates continuously about a neutral position; a condilion which may 
appear highly undesirable ,il ITrst sight but, in practice, Is quite accep¬ 
table far model aircraft control 'land certain Other types of model 
controls). 

The principle of operation is as follows {see also figure S/), The 
actuator Is basically a Iwo^posiban type, so IhiU 'on' corresponds 10 
one extreme control position and ‘off to the other extreme control 
position. Sending the full Sign. 1 1 will, say, thus give full right rodder; 
when switching the Signal off completely will give full left rudder. 

Instead or the signal be log switched on nr off as in normal single- 
channel working, however, it is UansmiUed continuously but chopped 
up into a series of pulses, The presence of a pulse is equivalent,to signal 
'an 3 and the absence of a pul Hi is equivalent to signal “off, 1 his Is 
referred to as a mark (pulse present )~J£Wr:e (pulse absent) form. 

If the duration of the pulse is the same as I hat of the space j equal 
mark: space ratio) die ‘command’ is divided equally between right and 
left rudder, In other words, the rudder will oscillate equally aboul its 
mean position at the pulse rate of the signal. Changing the m,irk:spac-c 
ratio will now produce ,j bias in one direction or Ihc other, i huS If 
Lberc is, mote filnrk than space, there will be mote signal lime present 
moving the rudder to the right than the left. As a consequence the 
rudder will oscillate about a new mean puilllo’i! biased to the right in 
proportion to the mark:space ratio present in Lhc command signal, 
HisnilarlVj mare space than mark will bias the rodder to the left in 
corresponding proportion, Since the murk-space ratio can he varied 
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from (all murkJl to icro (aJI space), this provides an nnflnilciy 

variable selection pf mean rudder position between these two ex Perries. 

Considering this used as a rudder control on a mudei aircraft the 
effect of using a slow pulse rate would be for the model to fly .m 
oscillating path, responding to the rudder wagging (ram side to side 
conlinurjubly. The model would still follow any rudder bias, induced toy 
varying the nwk:space ratio. Thus with 50:5(3 mark;space the model 
would fly a straight course, but in an Oscillatory manner. Varying the 
mark:Space ratio would make the model turn in the direction of the 
rudder bias induced, again oscillating about this course, 

However, if the pulse rate is Stepped Up there wd] come a po ini 
where the model has. not had time to react to movement of the rudder 
to one cxLremi position before the rudder has oscillated to the other 
extreme position, and sp on, Thus although the rudder is oscillating 
continuously the model itself wrll fly without oscillation, and respond 
smoothly to any bias of the rudder position commanded hy the 
mark:space ratio. Usually a pulse rate of 7 to FO limes a second (or 
higher) will achieve this smooth response in Lhc case of an aircraft 
rudder controls A lower pulse rate could be used OT ,i model boat 
rudder control. 


H.3 Highs path wish wxyxiini; fudilvr. 

Puke trmsmUten 



Virtually any single channel transmitter can be adapted for pulse 
proportional control. In theory, al least, pulsing The signal uri and off 
could tor achieved by manipulating the normal keying switch at Ihe 
required speed (to achieve a suitable pulse rate}, and dwelling at 'on' or 
“off ta vary the mark-spate ratio, Such a scheme ts impractical* 
however. A separate putser unit must be added in, or connected In, the 
transmitter circuit to convert Id pulse proportional working. It tun be 
applied to cither a CW or tone transmitter. I he latter is (almost) 
invariably [toe choice, when pulsing is applied to (He lone signal, i.e. the 
puher is inserted between the tone generator and moduli or seLtion of 
the transmitter. 
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Example oi a pioprieury puIwf, far coupling. to a suiuSard single-dunntl 
tnnuitlTur, 
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6.5 B-r.it ntetlfOllIC puFS« Circuit, 



Puhen can be either mechxniwl nr electronic. Sines; the availability 
of commercial pul-vc- prnpcirLiiorta.1 [TdllSinittHi is more limited than 
other (ypes, pulse proportional equipment is ol ten home made. 
Modellers with limited knowledge Of experience of electronics may thus 
[end to favour a mechanical pulser foe home construction. 

One of Ehc early types evoked, which has proved qtrFw suecesslui as 
well as being easy lo understand is shown in simple digramrnaLie form 
in figure tt.4. It consists, basically, of a cylindrical drum of Insulating 
material driver by a small etectnc motor at the required pulse- rate [c.g. 
10 revolutions per second or sligjhtJy mine), the drum being covered by 
a tapering shape in thin copper sheet. Twn contacts arc arranged to rub 
against the drum. One is Fixed at the 'full Copper* end of the drum, 1 he 
other is arranged to slide along the length Of drum in response lu the 
movement of a control stick. 

At one extrem* position the sliding, Contact moves rl^L off the 
copper area, correspond!rig w breaking Lhe circuit or ‘all Space 1 . At the 
other extreme of Its movement It reaches the full copper area, Corres¬ 
ponding to direct connection to the fixed brush,, or 'ill mark 1 , At 
intermediate positions the mark rs pace ratio is determined by the 
relatively circumferential length Of copper brushed by the sliding 
contact At thal paiiicularpositioh. 

More compact Forms of mechanical switchers can be based on a. 
rotating disc rather than a drum. Electronic pulscrs arc. however, 
generally lobe preferred, based on conventional multivibrator circuits. 

One such circuit is shown In figure £ J, Transistors TI and T2 are the 
heart ml the multivibrator circuit hissed by the variable resistor VRl. 
This Is a potentiometer, adjusted by movement of the control stick. 
Component values for (he circuit can be selected to give a fixed pulse 
rate, or j second variable resistor can be introduced to provide for 
adjustment of pulse rate. (Proportional systems can also work on 
variable pulse fare AS well as variable nwktSftfcc ratio, as described 
later.} 
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'G alloping; Ghost' Ltmtral No If 
relitivEly small rudder and cltvitar 
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Receivers 

1 'P cc ' a ^ rW]tJifeiiiBpt ii demanded of the receiver when using vj riahli' 
mariGSpaec pulse ph.iparLiQn.il, other than an ability fur ihe switching 
v-Limn EO be .ibr-c to follow the puls? rate used. |Icwcver. since the 
actuator is usually based on an electric mutur (and there arc also 
advantages lobe R.una-d In having three switching comacls available}, j 
retoy receiver is normally employed (or a relayless receiver coupled to 
relay to provide the switched Output). 


Actuators fof puise proportRmai 

Ihc simplest type of actuator tor u« with pulse proportional is dri 
f’lcLtiic motor. This is coupled in a spring-loaded control, as shown in 
figure 8,6, Lartrol movement is limited by mechanic,d stups at each 
end of ihe travel. With the motor switched 'off (all space) She control 
is pulled to one extreme position by the Spring, With the motor 
switched 'on (all mark) the motor drhrcs the control io the other 
tjctreme position against Ihostnp. To avoid the motor hieing bulled at 
this control position ii must be titled with a slipping clutch, allowing Ii 
to continue rotation whilst Lhc control has been brought to rest by the 
slop, 

Such HI elemmtary type ol actuator system has disiinct limitations. 
M may be used to control a boat rudder, for Gumplc, bui would not 
really be Suitable foi dn aircraft control. 

The arrafigernenl shown in figure & 7 is considerably tatter, again 
us.og an electric motor as the actuator, since ihe motur is driven in 
erlher direction, drive bias being provided by the relative dwell of ihe 
relay armature On the respective contacts, governed by the signal 
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rnjf^:sfucc ratio. A clipping clutch drive is still necessary, huL .1 self 
centring xicl iun can also he added to the system by spring biasing the 
control to return id Its neutral position. In the presence ol 50:50 
mark:spate ratio {when the motxw is oscillating about its centre 
position). 

In practice specially designed {w individually constructed) pulse 
proportional actuators are used in this mode These may be of magnetic 
type, or based on electric motors. Magnetic types are simpler, hut 
generally suffer from the disadvantage of having a very low mechanical 
output force to operate the control. I heir use is therefore limited to 
Might Control actions ]c.g. rudder control on a small glider] Motuiiscd 
^CtlRtirfH are noimally used with single-channel pukyr proportional 
sys Lems, 

The se-mces obtained from pulse proportional actuators can bt 
extended in a relatively simple manner, by 'reserving" part of the 
movement for additional switching facilities. Thus if, foe example, only 
the range between a mark:space ratio of SO: 20 and is utilised I or 

drivirtg die control over its required extremes of movement there is an 
immediate possibility ol selecting two lurlher positions at will jM 
'rruri' or all 'space' (see fk/ure fltS). I hew movements could loires- 
pond to closure of a switch controlling a separate sendee,, Q.f,. 1 
conventional single-channel actuator circuit. Selection of cilhei of these 
switching positions is also direct and positive. 

The one limiutinn that then ariseS is that these extreme positions 
can only he selected and held al the expense of holding the main 
control in Otie or other of the extreme positions, in practice this means 
1 hat secondary services switched in this manner need to tripped by .i 
brief signal, which can then bv leleased. Thus the secondary services) 
would normally be based on a progressive single-channel actuator [si. 
One such service would be quite suitable for operating j thl 01 tie 
control (in steps) with the main proportional control function being 
rudder. 



Hune-piilR MUfr lrscrhccl ta .1 
ciMnmcrcial slmle-ctianiwl tnnimiiicr. 
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£.9 Bask 'GjHopinn CSkost' 
iniClijriltaJ sfel-up. AetL-aior Is j 
lightly modiflEil eIecEme nwEgi. 



Gattoping Gttost* 

A rather more sophisticated system has evolved from simple pulse 
proportional control in which not only the pulse width hue also ihc 
pulse rale is made variable |by (lie puher unit applied Eo the trans- 
milter). Whilst this Still results in an oscillating drive to the Control 
SUtfacets] this can Extend proportionality to two separate functions. 

The most practical form of this 'double proportional' single-channel 
system is known as'Galloping Ghost 1 , nr simple-sLmulLancuUs 
(simpk-simul). 

A basic form of Galloping Ghost actuator U shown in figure S.9. An 
electric motor drives a crank through suitable reduction gearing, 
fcudder and elevate# movements are mechanically linked to this crank 
by yokes, Spring tension U provided to 'uentre' the movement |a rubber 
band is shown as I he spring in the diagram, with slops aLso Introduced 
to limit the crank travel.} 

Under the influence t>1 a pulsed signal the decide motor osciltflles 
about its mean or 'centred' position The amplitude of these oscillations 
will be directly dependent, or proportional , to the pulse rate. Al a 
particular poise tale and bear in mind that the 'throw' each way will 
be equal—I he mean position of the Crank in the horizontal plane and 
working in the elevator yoke, will be equivalent to neutral elevator. 
I»(rw$mtf the pulse rate from this condition will reduce- the amplitude 
q! crank oscillation, the effect being lo lower Ihc mean position of the 
crank and lower the elevator. Decreasing the pulse fate will increase the 
amplitude of Ci ink oscillation, raising the mean position: of Lhe crank 
and rising the elevator. 1 bus starting with a pul m rate of, sjy,, 6 pulses 
per second giving neutral elevator position, increasing the pulse rate up 
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ro, say p H fhjljt • per second will produce up elevator -movement in 
proportion to Che actual Increase in rale (6 pulses pet secortd in this 
case being thenwiirmtm or full 'up' position). Similarly decreasing the 
pulse rate progressist'Iy down to 2 pulses per second will give ooffes* 
ponding proportional up elevator movement, In other wards, 
proportionat elevator control has been achieved via variable pulse rate 
as dvr command signal. 

Considering the crank movement in the vertical plane, this produces 
the same effect as previously descr ibed, the proportional position being 
governed by the mark:space ratio of the signal. Thus a 50.50 mark 
space ratio gives neutral rudder position. Any change in mark’space 
ratio will then give a mean rudder position to one side nr the other, 
depending on whether the s ijjn.il has more 'mark' or more 'space'. hi 
both cases the mean position will be proportional to the mark:space 
ratio of the signal. 

Both the elevator and rod tier controls arc, of course, continually 
oscillating under the drive of the electric motor. This will have little or 
no effect on (he High! path of the model provided the minimum pulse 
rate used is not less than about 4 pulses per second. Proportional rudder 
or proportional elevator control can I bus be selected independently, 
and simultaneously* simply by manipulating the controls at the dans 
miller end governing mark:spate and pulse rate, respectively, Usually a 
single joystick type control lever is used, movement to one side or the 
Other governing flic markrspace; and movement up-and-down governing 
pulse rale 3 he slick has a universal movement SO Ihnt any degree nl 
niflfkispnce «n he selected with any degree of pulse rate. 

The system dot-shave certain limitations, particularly as regards the 
lack of true proportionality id the selected positions due Id both 
mechanical and electronic Interaction. Down elevator control* too, will 
always he more powerful than up elevator,, because of the different 
amplitude swept by the crank in these two positions. For the same 
angle of movement there IS more dwell time In 'down' than 'up'. To 
compensate for this it is necessary 1 o arrange the mechanical set up that 
the elevator has more up movement than down. Usually a minimum of 
twice as much movement is required. Also the power available for 
control movement is usually fairly limited, which restricts the size of 
aircraft models to which Galloping Ghost control can be applied 
successfully. The design nl Lhc model is also important, If must be 
'tailored' to suit the type of control provided whilst remaining 
insensitive to the continually oscillating rudder and elevator move¬ 
ments, 

Ultimately the success of the system will depend on the performance 
and reliability nl the actuator used, which must be a special type. 
Commercial actuators arc advised rather than home made types, 
although their cost can he relatively hrgh. 


S.l I (Li!*: H i J J i 'dwell 1 poniton is controller) by mark-space ratio. 
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'Cijiloplflit Ghost control linVjgc, ds 
web UCnrt ibov*. ♦(odder Hid elevator 
an-' wjfiftltid 1 simuHin-enusly by Che 
jiiiLiJiur output inoytm^m 


An Outstanding example tif a Gill loping Ghost actuator W [he Rand 
LH 3 [figure BJ21 The* crank-Mld-YokE motions which form the basis of 
the Gal loping Ghost move mum art accomodated OP pivoLed plates 
mounted an the actuator i i self. Thus ganvErtllanal pushrod linkages can 
be taken fiOrti Ihs actuator la the rudder and elevators, The unbalanced 
elevator power previously mentioned is ailso mechanically compensated 
in the actuator movement itself, the elevator drive piatc geometry 
pTovidinji a linear output response by amplifying the movement in ihe 
‘up 1 range. 

As with the simpler pulse proparliurt.il systems, 3 separate switching 
Control can readily be piuvidedon Galloping GbotC actuiliorv; e.g. 
limiting the range of nt,trk: 5 pacc or pulse rate required to produce Lhe 
requiied mechanical movcTnenls and usirsgooo for morel esliemc 1 
positionl,s|- to operate Switching contacts. Only unC switching service is 
really necessary, which could Lhc-n provide <progressive or change-over I 
motor speed control using a secondary actuator, together with simul¬ 
taneous proportional rudder and elevator control. 

'GttffapfrH/ Ghcaf transmitter^ 

A standard single-channel transmitter ear be converted to Gallaping 
Ghusi Liper.ition by the addiLion uf a pulser providing variation of both 
mark: spa re ralru and pulse rate, The clrcuiL requirements, however t are 
rather more demanding than those of simple pulsers, although these 
rmy have provision fot varying pulse rate as well as rn.itk:spiice- 


• 8.12 SinKlc-Lhannul motorised nemaior linked Ba-baLtery box. with wIrina 
h»rnMy iocbrsioutlrts m-otf switch on hatlEry comwsetnr. 


Complete Galloping Ghdit system W»lh 
'pulse ixanyrnilt-er and |uv icfck control, 
pins receiver ■*lih decoder tlreull anil hl-md 
ji.Lu.ilul moUUteri nn Hie «mt panel. 
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S.l ] Typical circuit of a putifi-wldih 
jnd pulse-nia pulser. 


CuTlMri.ilim nf pukcr .1 n il standard 
transmitter. hy same mimifaeturif 
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Special 'Galloping Cil'i>s 1 ‘ nr pulse- 
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A typical basic circuit tor a pute-width and pulM-rate pulser is 
shown id figure SJ3. This Urn be built js j separate unit l-ur connecting 
lira conventional single-channel transmitter uf suitable type. 

Eke Ironic aids 

Pulse proportional systems have so f;n been described in their ■minimal' 
kirm in which they tirsl evolved, restricting the c'lrclmnics Lq the sijjna! 
witting at the transmitter end and deriving the output requirements at 
LJtl" receiver end hy straight Forward elcclrn-mcch.incc.il and mechanical 
■solutions. There are, however d number of ways in which electronic 
circuits can be used to simplify or improve the working nt the system. 

Electronic switeters fur example, can take the plate of the receiver 
relay, eliminating the relay contacts which can he a source of trouble or 
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unreliability of action, (Not dll relays Fitted as standard Lu single 
Channel receivers, Lou, .iT-u suitably responsive to hifih rates of putsireK 
Such a bwilthtr. in effect, turns the receiver into * relaylcu type, with 
the switching output desigrtid co match the particular fyps 1 oi pulse 
proper tiuflill actWfltor used-tqually, since th^ output I rum a rclayless 
lecetvcf is generally Unsuitable for Operating any firm of IfflJtorwd 
actuator direct,. .1 switcher eliminates the need to employ a slave relay 
An example of a switcher i if coil Is shown in figure 8J4. matched to 
a typical Gu I loping Ghosl actuator. The main pfiiblem as regardv 
'match’ is in the power rating of the output (imsiitars r wllich iTiiJSl 
St+md up to Che mixlmum currenL likely Lu be drawn by the actuator. 
The types shown in this circuit should hove a current rating of 2 amps, 
which 15 likely to cover virtually all puLse proportional actuator 
requirements. The switcher circuit is also adaptable to most types of 
modelII single-channel receivers, with the correct Fuad md pH'darily of 
output. 

T hr cam mm id! product ion of pulse propoftion.il actuators and 
Other equipment virtually ceased by 1971 since the cost became 
almost [he Same as that of 1-fund ion true proportional radio control 
[j^nsmitter-receive* combinations, and associated servo, Slnfje-dwrwicl 
pukc-proporlhunal r however, remains jji ailr.lClivc field for the amateur 
radio constructor. 1 he following circuits arc of particular interest. 


Ri'Jny followers 

Where • relay is used as the switching element,, a relay follower can be 
added to reduce [he current carried by the relay con Lads and thus 
minimise contact wear and arcing. 

An example of a relay follower circuit used wilh a motorised 
ailUiHul pi iwered hy a centre Upped baitery is sfwwn in figure S. 13. 

I his is a straightforward Ut£U«L with the transistors acting as curtem 



































H.IS Traiwiicnriseij relay follnwcr 
elrurll, 


amplifiers. The main requirement is that the current rating of the 
transistors used be suitable for llie current demand aff the motor, 

Centre-tapped batteries >| equivalent to a twubaitcfy system) have the 
inherent rflud vantage thal if one half of the battery runs down before 
the other (c.g. through more use), the 'neutral' position ol the actuator 
(e.g. signal led by 50:50 mark:spacc ratio) will drift to tibe Itde, This is 
more likely to occur with dry-rail batteries where the voltage mil put 
ties lines lonLinuously with use. 

Another type or rel-yy follower circuit has been developed to over¬ 
come this possibility, l umbi ni ng. the amplifier circuit previously 
described with a switcher circuit enabling;) single battery to be-used. 
The swiicher section then provides ihe necessary reversal of battery 
polarity tu drive the- actuator mo Lor in the required direction. A circuit 
of this ty pe is shown in figure ft f 6. 



H.I is Relay rulluwci circull uiins 
single thallcry. 



S,1 1 H-iiy omission duutLioi i inula. 



Pufx omiafon detectors 

ihc additional switch ing function made possible by Utilising a maxi” 
mum actuator movement to operate a pair of contacts can also be 
performed electronically, this function can be commanded by ‘all 
moils', or 'all spacebar both. In practice, only one switching facility is 
normally needed, and the usual choice is the 'all space' signal condition. 
In other words, a signal in which the pulse is omitted entirely. 

The omission of a pulse in the signal can be detected by a compara¬ 
tively simple electronic circuit of the form shown m //pure & f 7. I his es 
basically a time delay circuit. Transistor TRI conducts In the presence 
of a pulse f'martt'Jj discharging capacitor (Cl which effectively holds 
TR2 inoperative. During 'space 1 , capacitor Cl is charged, with. TRI not 
conducting,. Ihc rate of charge being, set by the value of the variable 
resistor VRl, and the pulsing rale. E3y choosing suitable cpmpohenl 
Values- it is possible to arrange ifkit in the absence of a pulse I ah 'space' 
signal) Cl charges up fully, allowingTR 2 lo conduct and operate the 
relay. The contact of this relay provide the switching elements for Lhe 
auxiliary service. 

I hc -same circuit cap equally well be used js an 'all mark' detector, 
merely by inversion (e.g. reversing the polarity and the types of transis¬ 
tors used). It can also be adapted for relay I css operation, La work a 
secondary escapement, by adding a transistor driver stage, as in figure 
&t&. 

A pqhe omission detector may also be employed to provide 'fall-safe' 
facilities. The secondary service switched by this facility can be a relay, 
Ihe normally open (NO) contacts of which pass the common (centre 
lap) baLLrry connection lo the JCluator In the event uf complete k>Ss 
of signal there is obviously 'pulse omission',™ the relay would pu El in, 
breaking the battery connection to the motor which stops. The spring 
centring present would then return Lhc control (s) lo the neutral 
position (or at least substantially so). 

If a further secondary service was also required from the actuator, 
then this would have lo be derived ftom an 'all mark' signal. 


S.l K 'Mifk' detECInr circuit, 
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Pulse omission coder 



Co r r, p j ■- c declrunii. i>i. I&CF n-nunn-d nn 
■sm-jl panel of PaiciHn. 


A pul« omtssinn detector at the receiver c rid is ufltn used wilh 5 pulse 
□mission toiler at [lie transmitter end. This It to prevent ILM lung a 
pulse umissiun period being signalled which Could uluse certain types c4 
secondary actuators to Override, Su-ch a circuit is designed to give dti "all 
ipa.ee' signal of Ehc same length when a separate Control button is 
pressed, regardless uf the time the sign.il is held an. In fact It Is the 
equivalent of ‘quitk-btip' signalling used with :iinple single-channel 
working (and used with secondary actuator types designed to respond 
[a quick'blip signalling! 

Again this involve? Lhc use of a "timer' circuit, which is shown in its 
simplest lurm in Figure 8.20. This US«a minimum ol components, hut 
Mjfferi from the disadvantage that there is a time delay Inherent in the 
Circuit. Operation of the Command switch sets the circuit to the 
condition where I he capacitor is charged up at a rale determined by the 
value of the resistance in circuiL. At the same time the pulser CHJtptll is 
turned oFl. When the capacitor is Tully charged the transistor Is posi¬ 
tively biattd to turn Off and allow pulsing to resume. Releasing the 
command switch puts a short circuit across the capacity which thus 
discharges. 


Other systems 


Tlhc systems described by no means exhaust the pnisibililics of single- 
channel pulse proportional contra^ but cover the main practice} 
systems developed under what is generally called simple proportional or 
€*ampl* ot a [ranKniueJ- cIiluje with dngiie-t Funnel proportional. I here are many Further pn-ssiljle 

special ftflhoJ ending, variations, particularly if deciders are added at Lhc receiver end. 
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The litlUf [hefl eom« under ths! Rcncra! description d! Lnuc 
proportiptiaf cantioSs (see Chapter tOJ, normally used with 
proportional actuators. 

No absolutely dear distinction is possible on this bash, however. Ft>l 
example, a pulse omission detector is reatly a decoder, but En the 
.■implications described in this chapter it is spec Hie to simple single 
channel pulse proportional, The type of signal used for Galloping 
Ghost, on theolher hand, with variable pulse width :mark:space ratio! 
plus variable pulse rate, is really a Iwo-channel signalling Syslem and c,u> 
be used, with decode!s and pulse iype actualors, to provide two- 
pfoportionjl functions. 

Direct pu-lsc proportional Signalling, applied to 1 progressive type 
actuator, is a system which can the used successfully for model boal 
controls le.g. i udder control}. This isnOl HJilable for aircraft rudder 
control, Equally. 'Galloping: Ghost' is unsuitable for hoaL controls. 


A wtieel &[ rniiry amt muse men Unav 
be [lie I erred WU a pul iff used For mtHfel 
bait contra Is, control) k response of j 
slntlr-channel puIrf-puMnpfiiurijJ 
KtUiLiir IfluE J J C>jllulling GllOnl' 
type]. 


Sirgle-Lhanncl pulse^gfepDfElotUl 
control if mar suitable for rgnlinllinj 
Kik dtrcnfi like Hus is It Is never 
LtHTipIrEely ppiilive. Use true 
pifMWWpppal cun1r°l ins lead. 
















Although reed equipmtni Li IW loniler 
made, equipment ul Lhli type cm vl I 

tw purchased .it (jai^ain pd«5 Oil tho 
tecnrdhjind marVtLSt cqn be ItWlK for 
inexpensive miilTl-chint'el h<Ht pr caf 
«nvtncHi, 
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9 MULTI-CHANNEL 
CONTROLS 



9.1 Blade iJUi-r-jm of multl-chaimel 
wnjf irsns-rniHtr. 



9.2 Bluet digram of mill [l-UWKi 
LTirtunl Her with scpjjjte lolio 
g: ntTJlors Far r .irr.i In jncn.i-i ivpcritbaTi 
of Iwn thdnncit 


Multi-channel control systems based on lhe uu of separate tone signals 
applied to a CW traitimFsslor and deluded il die receiver end by h feed 
bank or electronic I chert are now nbsciete. A considerable j mount • J 
this. equipment remains in use, however and nicalty ihc perfor¬ 
mance of such systems it sound and reliable, within the limits duns or 
‘httniif-tiiing.’ canlrolSt 

I he [rjnsmittir is basically the same as Lh.it of a single-channel Lone 
transmitter, except Ihal the AF (one general or ..ircust Is extended to 
provide a number of different tones, selected and applied to the 
modulator section by the operation a F separate keys figure ft. f). In the 
case of reed operation the typical tone Tange used is 330 Hi to 600 Hi 
(dighlEy less than one octave), Up to twelve separate ton* frequencies 
rn.iy be generated with this range. 

An essential feature is that the audio oscillator Is extremely stable, 
particularly where a large number of (ones are involved- t h* most 
widely adopted method uf stabilisation Is Lhe me of a turoid inductor 
of 4 to b millihenries. The lone generator itself is merely an oscillator 
which can be switched to work at each of Lhe AH frequencies required. 

A single AF oscillator unit can supply any number of Individual 
tares, huL only one at a lime. To provide for simultaneous Operation of 
two tones a second lone generator Is required. The number of Lone 
signals is then split between the two AF oscillators, when any one from 
each Set can be Operated simultaneously {figure 9.2) 

The receiver can be either a superregen or SUperfiei type, the only 
different* (apart Tram cost) being the greater selectivity altered by the 
latter, Il is 'matched' to a particular transmitter by having a rwd bank 
designed to be rftSOrtani to the lone frequencies generated by the 
transmitter. This docs not necessarily mean that the reed bank must 
have in* same number of reeds as the transmitter has tones. Reed bants 
are made wi(h three, lour, six, eight, Lcn and twelve reed?. Transmitters 
are described by the number of separate lone signals (hey can produce, 
referred to as'channels'. Thus a A channel tone transmitter would 
provide tour tones for signalling 4 6-channd transmitter six tones, and 
so on, A 12-channel transmitter could be used With a receiver having 4, 
6, B. 10 or 12 reeds, provided in each case the resonant frequencies of 
the reeds correspond to the transmitter tone frequencies available (i.e. 
tunable on the tone circuits} Any difference between lhe number of 
transmitter channels and number t>r reeds In the receiver reed bank, 
merely means that the transmitter has a surplus [and unusable) signal¬ 
ling capacity with that combi nallan. 

The only significance of this is that a single transmitter can be used 
with a number of matching receivers installed in different models. For 
functional requiremenls-or economic reasons (he number of working 
channels required in a particular model may be limiled-say requiring 
only 4 chan riels. Another model may require 10 channels. A single 
lO-chanhet trensmiticr would (hen serve for bath models, using a 
4-channrl (4 reed} receiver in one and a 10-charwI (IQ reed) receiver in 
the other. 

Multi-channel receivers of this type a re invariably used with 
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yj 1 fO rrcds switch jn julL-aior 
dircci with teliylssj upc Milan. 



9,4 W||h » relay receiver, two re»ays 
j-ir required to switch Bach a etui lor. 


9.5 Tf (flstelor ampflftor far convertlnn 
t murti. jcfmrof lci reSay less working. 

90 


motorised dLtuj tarsi, generally ca I led mufti-servos SO dislin^uish them, 
from singte-chjmnel actuators. Two signalling channels arc required with 
each multi-be tvo, in order tn provide setcct/vt response. 

The basic principle of servo working is shewn in figure ftJ. Each 
thlllinel works as a switch or an-olT tanTrol working, the servo 
(motor) in one direction or the other. Thus by selecting the appropriate 
channel at' Lhc pair the servo responds with movement in [he required 
direction, Two types uf movement ire then possible, depending on the 
design of servo. The scryo may drive to its extreme position and stop 
there ,ts long as the signal is he Id, then return la neutral or release of 
srgn.il. This rs a 'main control' or 5,‘N multi-servo, The alternative mode 
of working is for The actuator la drive on signal and Stop in I he position 
it has reached when the signal as removed. It CJfl thus be inched to any 
position within [he limits of sis two extreme movements This is a 
progressive type multi-servo Generally il 5i'M mull h servo Can be 
modified for progressive action by disconnecting lhc internal wiring 
providing the sell-centring action. 5/N and progressive rrulti servos may 
also be produced as separate types. 

There is also a distinction between multi-servos designed for use with 
relay receiver* and those which un be used with rclayicss receivers, hi 
the farmer ease the relay contact* produce the Switching action control- 
ill ig, the servo movement in the type of circuit shown in figure SU One 
relay is used in each channel L-irculL, and each circuit has its own 
bdttery supply with opposite polarity (usually drawn from a centre- 
uppeef battery). The servo circuit is thus sell-contained and rwrely 
cun trotted by the switching Clements. 

With a relay test receiver each channel ouiput from the receiver is a 
switched Cifjmmf. This current is insufficient to operate the servo motor 
direct (or rather the demand of Jhe servo motor Would Overbad the 
transistors in ihc 1 receiver switching stage). Additional current ,tmplIfien 
thus have ip be added in each side of the servo circuit, Tor convenience 
these are usually incorporated in the servo itself. Ordinary multi-serw* 
ear be converted 1 for relay less operation by the addition of JP amplifier 
[figure 9.5), 

Wiring up is relatively complicated! and requires careful attention To 
detail murder La avoid wrong connections. The majority ol mulEi- 
5BTVOS used with relay receivers have eight wires emerging from the 
servo, identified hy colour code The Amcrscan coding usually adopted 























































TfjJialiCDf superhel lecKivtr wirh reed 
bank, TTii dilRliifU cm raht in sort in? 
(jul lire wiling eaMnwcUons needed 
wht-n .nine: wcandh^ltd i UnI limtM r 
1ieMr»E lh= orlslnil InrtracliDni. 



9.6 Typical ft-wlrr crjnncttHsm (or 
Milf’fTKJirillilni action. 



9.7 Tvplcil S‘W|re canrs-ct-nns for 
progressive icdon. 



tirllar type of hybrid (valve-EraiHHtorl 
reviver wILh HS-cJiiPPCl rend bank- 



(but nut universally *o) E* shown rn figure 9.6 Five: wires j^o to the IWo 
relays (one bein^ j tumflton arma!ure connection); arid three to a 
centre-lapped battery which provides pdWflf for the servo motor. This 
haltnry Is common to ill 1h« servos in the complete system: regardless 
of I he actual number of servos installed, all would connect to the same 
battery. 

The wiring-up circuiL is sliy,htly modified in the case of servos which 
.ire to have progressive action since the buck contacts ot Lhe relay 
[previously used to switch lhe se I F-cenlring action | art Hot used 1 he 
necessity modification to the wiring is shown in figure 9.7 

Some types of multr- channel servos tor use with relay receivers 
incorporate spring return for seif-centring action, thus dispensing with 
the switcher board and tubbing eontacts necessary to provide electrical 
self-ccntrlng. This permits corsidHrabIc saving in wiring and Lhc servo 
can be operated from a single battery. The basic circuit involved is 
Shown in figure 98 where only iwo wires are needed !u connect the 
servo to the relays, and the battery is connected directly in Lhc relay 
network 

A typical wiling circuit for relayless operation Is shown in figure 
9.9 . again using ihc more conventional type of multi-servo with 
internal switcher board and electrical sell-ten (ring. Eiix wires emerge 
fiom the servo, three connecting to the reed b,jnk and the Other three 
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MulU-chiapm-l se-jvo Ing wiper 
type sw-tchlng an if printed circuit 
swlnch panel.. 



9,3 Typical B-wire connection* and 
colour ending, 



to the battery paclt. This 11 a centre-lapped batten,* as before, but with 
the Addition of a further cell to provide ,1 ‘irlgger volume' for positive 
operation of th,c transistor wtchinudrciiit This- is runt tha invariable 
iule. Some deiiitns yl trinsliLaf amplifier do nuL retimre .1 trigger 
voltstge, when ifw additional cdl and jpeen line connection can be 
omitted 

For progressive action, »me ioterruil modification of the servo 
Lirtifil is required and the connection In the reed comb (red| is 

omitted. 

Afltnin there ar* simpEer types of multi-servos suitable for use with 
reiiylets receivers with simplified wiring and a capability of worsting oil 
a singfe battery. 























































•Wait umijI Turin ul retd T l.rtr 
•dittiffcnl dHilpH silown ftM, Best Lypu 
h one wiLh iic-'.ili-t mnl jel jdiu^Emcral 
(CM 1^, 



At location of reals 



3.10 Typical ned ailoLallrin 


’Hie re*d batik. miy, ill fJ: l t, Ik 
ptuvstally MpariEed Inns two Met Tacts 
correspond! in: to such giuuplin: eu 
iwH'.ne one uroap ulGcirltilly ham die 

isLhcr. IN; ljh jII.:lL Mil choice al 
servos cuett. Some servos are designed 
Ld operate with split ne^d hanks, 
mtierv mjy not work ■a-iIH iplil i*cd 
bunki unTcyv I he Iwg halves are elec¬ 
trically joined, i.e. making It an InleRnl 

bank again electrically. 


Selcclion ol which channel m use for a particular service is largely 
arbitrary and Ihwc-ii no overall standard- Logically, and particularly 
with d large number oT channels available. It would 1 seem sense to 
separate 'paired' tunLroi signals by as wide a spading, as possible to avoid 
any powihilrty of interaction between adjacent rends. Thus, I or 
example, With a Ifrehan-nelj channels t arid 6 would appear it gixi'J 
choice for rudder, 2 and 7 ror clevaHoTj and » on, giving the widest 
possible spacing between paired signal 1 ; (i.n. signals controlling the Somo 
servo, but in opposite dirL-ctiofis), 

In practice, this is seldom done. One ol the main reasons s that wilh 
S-, I FV and 1 J-ch-tnnel equipment, simultaneous control is usually made 
jvd'E.ihlc in two groups of 4, 5 or fr signals, respectively.* There is then 
-i pr.iciii.il need to hive certain controls irionc group and certain in the 
other virtually the controls which may need to be operated simul¬ 
taneously. Sinn 1 rudder and ailerons have a simitar Control effect, these 
can fall in the same group. Rodder and elevator, however, are ihe 
logical 'simultaneous' controls, and vo these must lie In different 
giuups. This rather restricts the alluuitiofi of any remaining services and 
so typical allocation nt reedy to the carious control services is as shown 
in fluurt&W. Of the alternatives, the simple numerical sequence Is 
often followed |e,g. I and 1 tor rudder, rather than 1 and 3, and so on). 
One particular reason for this is that Lhc most likely point where 
'overlapping' or interference between adjacent reeds could occur with 
simultaneous signa l ling fs usually ip the middle reeds nf the bant. It is 
as well, therefore, to allocate these to control Services whkh WoLrld 
normally never he operated simultaneously (c.g, engine throttle and 
aileron),. 

I here may also be another reason For a definite pattern of relay 
allocation, The transmitter tone signalling on multi-channel work is 
normally done with lever-type switches arranged with IcFl-righ! move¬ 
ment for turning controls ( udder and ailerons) and up and down 
movements Far elevation and trim controls; {elevators an-d motor speed). 
It does riot always follow that each of Lhc circuits wired La the various 
switches is tunable over the full range of tones covered by the reed 
hank, Thus by disregarding a particular manufacturer's instructions in 
allocating the relays il may only be possible tabring in a certain relay 
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Inlemil components of a 
itiuEti-cIramnd ictnitoir showing 
iwitcli liij brushes and switch panel? 
also built-in luniiiLur jinpNtler I or 
operation direct f rom a relay less 
receiver, 


9 I l tr^j.il mode oi Erattwttl LU r key 
aJletslton. 

,_ A _, 


ItncHlB 
I raJriiwI 
rrnmrll 


A Allwn 

(o) 



tlanfe? irirr I'rBricfrvF movar^rl. I 



(and associated coruroj) in n. 'wrong position as regards keying (rum 
the transmitter. 


Hervo-al/octition 

S/N servos are used fop- main controls, e.g. rudder, ekvaLor, and ailerons 
on aircraft. I he appropriate c-hunm-ts at the trail si milt ft end iire Ihvn 
normally keyed by tWO-ptasHlcwi lever y witches, with spring self¬ 
centring. A signal ib physically held on against the spring action. On 
release the lever automatically icturns to- its central position, switching 
off the signal and blowing the servo to self centre. 

Progressive servos are used for controls requiring 'inching’ move¬ 
ments, such as throttle OT 'inm 1 , These are normally operated by lever 
switches With a braked movement (Lc. by a friction brake or rfllehel) m 
that the lever stays in the position it has been nu^ed to when it is 
released 

Switch posit Ions uih be chose-fl for 'natural’ grouping of controls, 
and logical movements. I the iurmcf <s largely a matter o( fjnviliai ity, 
however. A typical allocation lor an aircraft system is shown in figure 
9.1 ! , Controls which respond to natural up-and-down movements- 
would have switches arranged to work in a vertical plane: and ih-uw 
with natural side-to-side movements., horizontal switching 
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keceiver imto!!a{ian 



'■. 1 2 RCkJ rec-iivir il.mjld he- ruounlisd 
with ietJ bint vertlc.il L'J minimeic 
*rfECt at engine nbrntlflfl Oil aiTCTift 

jr*4 baits. 


Receiver mounting follows the same b>isic requirement* as described for 
aircraft installation in Chapter 1% except that vertical positioning 15 
desirable so lhat thcncod comb is aligned vertically fare and dfL This is 
lire position in which the reed's are least likely to be jflected by 
mechanical vibration from a motor {particularly in nif^rat11 The same 
fitmsidera.llOfi applies La relay* in Lhe case of a relay recover. Vertical 
alignment will be automatic if the relays ore incorporated in the 
receiver casing as both the reed hnnlt and the relays, are normally 
mounted in the sanw: plane. 
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9 M LJw oF iws servos n» provide 
'trim' or differentia! output movement 



9.15 Alternative arranstnrifni of ’trim 1 
mol Ion. 


Servo instoftotfort 

Sennas are normally mounted In a group. time together the only 
eniepi inn being the aileron servo in the cast of aircrafl which is best 
inounLcd m lhc centre section ol the wing to simplify the linkage 
cunnectjonL, Resilient mounting is called tor, provided either by rubber 
grommets at the mounting points, of by using fairly stiff loam rubber 
as art isolation mount. En the latter cave bonding has proved very 
effective for securing both the rubber to the main structure and the 
Servo to Lhc rubber base. 

Push-pul! motions from the servo output arms are taken by conven¬ 
tional linkage to the appropriate controls (see Chapters 15 and ES}. 

SSpit'd Ie trim controls present rather a rfiUcrcnl puipasition lorhere 
the servo output movement is used to modify the normal movernenl of 
iinuthcr servo output, rather thiin being taken to the control concerned. 

Elevator trim applied to an aircraft control installation is ,i typical 
example. 3oth the elevator servo and elevator trim servo have their 
uulput motion: connected to a floating lever | genera My called a trim 
barj, with the pushrocf transferring motion to (he elevator hum fitted nit 
an intermediate position. I or elevator operation the tram bar pivots 
about the elector trim connection point. Operation of thi elevator 
trim servo shifts this pivot point forward or backwards., with the trim 
bar effectively pivoting about the elevator servo connecting point. This 
has the effect ol shi Fling the neutral position as far as actual positioning 
of the elevator control itself is concerned. Proportions of the trim bar 
■ire designed to provide the extent of movement required in each case* 
c.g. normally equivalent loan elevator movement of about 1(1 degrees 
up and down, but restricting trim movement to about 2Vz degrees up 
,md down about the hue neutral. 

Horizontal positioning of the trim bar is necevvary 1 the elevator .md 
elevator Efim servo* are mounted side by side. In this case the ends ol 
the trim bar cap slide in grooves in the fuselage sides for location {figure 
9J4). 

If lhc trim servo is mounted in line with Lhe elevator servo, then 
vertical linkage ol the Lypc shown in figure 9JS um be used. In both 
cases the dimensions shown are typical, with alternative positions 
prodded for the elevator push rod for 'cut and try 1 adjustment of the 
actual movement. 
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MuftHtomwl operation 



MiirMM 


q.Irt Ejeh rreil is 'tuned 1 Iri l>j 111 bv 
ill ju'.trr I'n I a I Lie Lutrcspurid ii'i! 
transmitter lunr lue'iLTOI 
IK>t=rtla'inet=F. 


Typ it at rnulEi-cr*>inriel rr ansminer 
fliack re mcivcd], U'uwllnJ keys, O^K 
key {nr tarn cliannu'. NljkhlfiJt 14t-Ttfd 
siiprrnst receiver .il Si)l!(in uf pk-EUrt. 



Multi-channel transmitters JUt normally crystal controlled and rhnir 
iiljuiliwrr for maxim um Rl- output is Lhc sjiiku lor single-channel 
transmitters, with one exception. Adjustment of RF output is always 
nLido wilh 9 loll" signal! applied (i.c. lono-Icoyod on, not in i oji ricr• 
switched on), but with a transmitter providing simultaneous facilities 
one tone should he keyed on from each of the simultaneous groups. 

AdtIiiion.il I tuning control* pjcvidccf on a multichannel transmitter 
are potentiometers lor adjusting the sped lie lone frequencies 
tjrreraied. This Is necessary lo ensure lhc best possible match |o the 
specif!t r?sonanl frequencies of the individual feeds in the receiver reed 
bark. Such Lulling cannot be present as it can differ from reed bank to 
reed bank of the same design. 

Before <lh-o tones can he tuned Ln the reeds, the receiver must first be 
tuned to the transmitter. This is basically the same os for single-channel 
receivers, except that it is only necessary lo observe (or listen for) a 
reed to respond to signal rather than connect op a servo, if no reed 
responds to any of the lone keys over the complete range of receiver 
tuning adjustment, then the receiver should be set la its mean Lurimg 
position and one oT the transmitter tone controls adjusted to make a 
reed respond. Having 'picked up a reed, the receiver tuning can then be 
adjusted to mid position between the exlrerrws where the reed stops 
vibrating 

The transmitter may, however, be provided with two separate turning 
con Inn Is one for adjusting the RF oscillator output, and the other for 
adjusting the final ouipul To assist in kh tuning an indicator light is 
usually incorporated in the circuit as a visual guide. Alternatively a 
meter may be used, plugging mlu the circuit, and adjustment made lo 
realise specific working-current figures. The oscillator trimmer normally 
requires adjustment For minimum current, shown by the indicator light 
going out, or minimum meter reading and then being advanced a 
specified amount, t he amplifier trimmer is then adjusted ior masimum 
output {indicator light showing peak brightness, or maximum mrler 
reading). 

Once the receiver is tuned to its optimum point each transmitter 
tone is keyed in turn, holding The signal on and adjusting the appro 
priatc tone control {usually a potentiometer) for maximum reed 'drive', 
i.e, the Strongest vibration of Ihe reed. The IransmitLer tone key should 
then be manipulated on and off a number of times to «e H the same 
amount of drive is obuined with intermittent keying. If not, readjust 
the tone control slightly, as necessary. 

Each tone is adjusted in turn in this manner, working alternatively 
from one tope in one group to a lone in the other group. When this, 
second tone has been adjusted, key both Loncs simullancou-ly. Some 
readjustment r?r the tonc(s) may bo- necessary to achieve maximum 
simultaneous dr he, 

Poor reed drive may be the fault of the relay bank itseM rather than 
poor tune tuning If this is suspected, and the mast likely cause, such 
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Mujtl-thuiflC I uiiu J aircraft 
perfarmancs potpn}|alil|ei In «ev 
Ie^eh, jiIvo Ejcanilshrccl the bask 
piirern for screoi, servo iittiilliitons 
iwi rontrul llnkaget Aiihoujili 
l i>mpletcfcv replaced by (if sport I oril 
lit I Jlrtraft c-dHEdoIh, runs- uf Ihe 
Lecllrtlque* deicTlbed in Ifols c i.ipice 
still apply, 


a* weak batteries in Ihe receiver nf lr.insmitlcr i* first eliminated, 
adjustment of the reed contacts may be nEeo-ssujy. 

Optimum ■wrtrnfts are usually js shown in %wre ft J 7. There should 
be a clearance of about Ji/fi4 in. between the reed and the pole piece 
«if the coil, no more, Too great a clearance will result in I<h* of driw, 
Too small a clearance will increase the tendency far the reed to vibrate 
in sympathy when an adjacent reed is energised, Chat is it will Increase 
thi 1 bandwidth of the frequency respond' The setting nf rhi-- clearance 
must there!ore be a compromise between drive and false response. 

For strong dove the tip movement of each teed should be of the 
order of 1 1] 6 in. upward* from it* uoemefgi«d position. Strictly 
speaking, the longer thcTccd the greater Lhe tip movement I -nr optimum 
drive, Thus 1/16 in. tip mavcrnehl can be Liken as a desirable figure for 
the shortest reed, increasing to S/frl in. on the longest reed. The tip 
movement can be set by the adjustable contact Ulthuugh some teed! 
banks have fmed rather Hum adjustable contacts, when any adjustment 
most be made by bentfing). AdjmtmenJ of this con Jar L governs the 
dury eyefe of Lhe reed as j switching, dement. 


Range cheek 

A* a final check, tuning should be repeated, if necessary, at range. With 
initial adjustment, particularly, Uhcrc may be a possibility of driving 
both reeds on the- same control at ibe same time, causing damage to the 
contacts, I hi* can be avoided by disconnecting the servos and simply 
listenIhg to the reed Lanes and observing which par Lieul.ir relay is 
operated in thu bank. Plug-and-socket connections between receFvcr 
output lead sand servo wiring make disconnection and ne-conneclron 
easy. There would normally be no need to disconnect servos for a final 
range check which, in any case, i* preferably (but not essentially) 

■carried chjL with the engine running and operation must he judged by 
the response of the Luhtrul movements. This technique may also be 
necessary in the case nf boats where accurate tuning can only be carried 
out with the boar in ibu water. 



9 s 1 7 R*t(J nljuitment measurements. 
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10 PROPORTIONAL 


10-1 Bli«k liiisriin Of JitfiLjl 
tnmsmltur,. 



Proportional, popularly known as J propo‘, is the modern form of 
multi channel radio control. Commands If* initialed by variable signals 
generated by the Iransmiller, decoded by a matching receiver and 
translated in Lcrmsol proportional output movements by a propor¬ 
tional servo, Feedback is in variably irtcorporatsd in ensure enact servo 
positiuriinjj, and any control position signalled is held without further 
movement until: the Iransmitcer control stick is again moved. In this 
latter respect irue- proportional systems differ from pulse proportional 
systems (see Chapter S), The dec! remits involved Is consider.]hly more 
cunripliyted; so much so p In fact, that proportional transmitter*,, 
receivers and servo? arc normally considered as 'black boxes', i.e. units 
which are accepted and used without worrying about how they work. 

Proportional systems fall into two main categories; analog or digital 
(see Chapter 1), Analog systems preceded digital operation, but have 
now been (almost) completely replaced by the latter type. This is 
largely because the nurnbei of channels available for amaloi; conlrol i? 
generally limited heepuse of complexity, inlermOduldtiDn, and the sheer 
bulk of the receiver system, plus the fact that stability is generally 
mlcrinr tothal of a digit,tl system. The basis of both analog, and digital 
working is thu same however. 

At the transmitter end, separate command signals initiated by 
controt-stick movement are encoded and used to modulate the RF 
output uf jn otherwise conventional transmitter [fli/urtf Hi J I It is 
desirable that ihese separate command signals can be sentsimul- 
yncously- and essential that in I hi? MSU they do not interfere with each 
other, i.c, do rtol generate Into? modulation, I his mixing h referred In as 
' multiple Xing', Thus the encoder, shown ih the block diagram, mu si 
perform this additional Function, i.e, be in encoder and multiplexer. 

1 he main difference With ordinary multi-channel working is that each 
individual command signal is not a simple signal (e.JJ. -i Single tone), hut 
ih one which must be capable of being varied over a suitable ranjje, to 
provide ini ml tel y varrahlc positioning of the actuator, 

At the receiver end, the front action remains a basic receiver 
Imvariably of superset type). To extract the command intelligence of 
the multiplexed modulated signal it must then be followed by a 
decoder which both discriminate between the different channels and 
decode? the individual commands present in each channel. The decoder 
provides a scries of outputs which are now simple forms of command 



CaHlral a 


Cotilwi 1 


HWllral A 


99 






























CMlM 1 QuJjMl ? Oul9t<1 1 * 


10,5 Stock U dSis urr, o l » ‘li|'.i!il 
pfDpDFLion.il receiver .ind diCOdCC, 


Typical cuntsul Slfck ■cnnrig.iirillEMi 
wilh universally piloted mysticSt 
operallng the piovumifriis of two 
ptn-eriticunelen, 

too 


signals, fed to driver circuits powering the servos. Edch servo Operates 
Oil il dosed loop circuit, incmparjling Feedback, feedback being, dn 
essential feature of ptuporttonaf conLrnl. 

Ear lier form"; of propartionjl systems used audio tones as the 
individual command signals. Variable intelligence can. then be provided 
by allocating to each individual [erne a bandwidth OVOT which il can be 
varied, with sui table spacing uf these band widths to avoid inler- 
modulaUor.. The encoder thus generates tnc appropriate (variable) tone 
signals, which are mixed trw simulMnculrs modulation of the trans¬ 
mitter carrier (frequency mulliplex). Movement of a control Stick 
produces a change In Frequency Iwithin the allocated bandwidth tor 
that frequency) in the selected audio channel. 

At the receiver end, the receiver separates the individual tones. 

,l| locating each to its specific output circuit, i he output uni be ren- 
tfcfcd in terms of a varying voltage over the tone bandwidth [figure 
W.2), It will be seen from this diagram how such a vulLagc variation, 
which is directly proportional to the sped fie frequency of the tone 
vgrtal tit any point in the tone b.nid, can be applied directly us proper- 
linrul command to an analog servo, 
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In pracliee such j system has a number of scvcfp limits lions. The 
Uidblf bandwfcfrh available Is of the order of 4 to 6 kHz, whilst the tunc 
change for bandwidth) associated with each individual tune is about SD 
H7 This would appear to provide Sufficient separation to enable a large 
number ot Lone signals To be multiplexed, Unfortunately when 
different frequencies are mixed together various cross-modulation 
frequencies arc generated, particularly at Sum'and 'difference 1 fre¬ 
quencies. This severely limits I he number ol separate tone signal* Thai 
can be mixed; m practice to three, Of at the most, tour, feyer then it is 
difficult lo avoid some degree of Inter-modulation. 

Other factors which limit the usefulness of audio tones tor proper' 
donal Sculling arc the relatively high power demand on the Iran* 
milter, and the difficulty of establishing the high stability necessary in 
the tone genera car circuits. Since varying intelligence is s-ignailedby a 
small change in note ffrequency), and drift in the Stability of the circuit 
will initiate j false signal, and thus a positioning error at the setv^ 

The more drastic problem of in ter-modulation tan be overcome by 
commutating or allocating separate time interval* to each tone, rather 
than transmitting them simultaneously, This is known os time multi¬ 
plex, tach tone has a certain ‘an 1 time,and remains 'all 1 for th< time 
interval Is | other tones arc allocated fw modulating the RF signal, If the 
repetition rale is high enough say ol the order of 10 Hi the ’lost' (l.e. 
signal off) period will have no effect, Thr receiver decoder merely has 
lo 'hold' the appropriate signal over Che commutatiem time to provide 
normal analog output. 

The Ltse OF a pulsed tone signal for each channel, rather than a 
variable frequency signal, provides a better mode of working, associated 
with digital decoding. Each command channel is allocated a specific 
Used frequency lone, and Ihp encoder tehderslhis signal in the form of 
pulses of modulation where the pulse length is directly proportional to 
the amount of movement on the transmitter control stick. Such .Ignalh 
are invariably time multiplexed for multiple channel working. 
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The repetition rale t>f Lhe system it contra I led by j master ‘clock 
circuit, norm j lly Working at a ral* of 20 lo4fl ruplIi^Cdrvds. In other 
words, Hie 'clock' generate 1 ! pulses with equal intervals of 'em' and 'off, 
at shown diagrams tical I y in fltjur? 10.3. tach signal information 
channel now comprises a separate tone signal which icvarsahlc tn pulse 
width, and which Is to be sent in sequence (time multiplexed). By 
selecting a suiuhlc maximum pulse per iur!,, any number cil separate 
tone pulses can be filled into the '.i^p' in the cluck pulses wfiflOtil 
over-lapping, 

In practice the first, or channel 1, pulse- is Iriggcred by the Hailing 
edge of the clock pulse. The trailing edge of the channel 1 pulse can 
then be used to trigger the channel 2 ptiIsc, ind so on. Thus effectively 
[he multiplexed modulating signal is defined by a series ol narrow 
pulses, each generated by the (railing edge of the preceding pulse foVjWre 
W.4\. It is also necessary to be .idle to distinguish the Start of a 
sequence ol multiplexed signals. This facility « automatically provided 
by the lon^jidp provided by ibe clock pulse inter veiling between each 
repetition. All the command intelligence IS then contained m these 
narrow pulses which may have a nominal period of some l.S mill i- 
SCLOilds. blit can be varied by about plus-m minus 0.5 milliseconds (i.c. 
hnsc variable pulse wlrlth of Lhis time order). The time interval frefu-w/i 
sequences Oilkiws the decoder to reset. 

The main requirement istb.it the width uf the command pulse mu« 
be dearly identifiable, and there must be adequate separation between 
individual pulses. The latter requirement largely governs the minimum 
pulse lime acceptable, 

A number of electronic problems are involved, such as optimum 
shaping of the pubes for positive and eons is Lent decoding at the 
receiver end, and also tu avoid .my possibility Of sidt'barkd of spurious 
signal generation, or Overrunning one pulso into another. However, 
since each succeeding pul*? is tri.qg.cred by the trailing edge of the pul*? 
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immediately before it in tunc multiplexing, it is ihe position of each 
fiulw relative Id the pretending pulse whi l h ts really Conveying the 
signal Intelligence. Widening a pfuceedirig pulse will delay ihc appear¬ 
ance Qf the follow!ns pulse, and vice versa {figure 10.3}. 11 is thus only 
necessary that the receiver decoder Operate on either tile leading edge 
or trailing td y.t: of the pulsOs Pul«-sh..tping is thus based on th is 
requirement, depending or which edge of the pulse is used. The time 
Interval between two leading edges -lot trailing edgesi i>f succeeding 
pulses is then a meaiure of the width ol the First pulse. 

the system may be further modified by i n ErudliClpg variable syn¬ 
chronisation With a fixed cJoct time, and thus fixed repetition rate, 
there can be a relatively long interval with rno pulses prettml. if all the 
poises .ire short ones {figure 70.6), 1 1 is advantageous if such an interval 
can be closed up so that I here iil always only I minimum 'off time. This 
can be done by using one portion of the cluck cycle tu generate 
synthfonlsatlorij and over-riding (he remaining pari of each cycle by a 
pignut triggered by the trailing edge of the East pulse. Thus, regardless, of 
the spacing of the pulses,, the ‘off lime is reduced in a cafe minimum, 

In other words, the repetition race is increased Lo close up Lhe duty 
cycle with dose spaced (ruarruw) pulses, and decreased to accomodate 
wide spaced pulses, This can result In halter servo resolution. 

Interpretation ol the propur Uunal signals at the receive! end Ini'.! 
necessitates the decoder identifying (he start of a sequence, then 
directing the individual signals into their respective channels wiLh on off 
Limes governed ny the respective pulse intervals between pulses (pulse 
lengths). It Is, in affect, n counter allied to gate circuits, with Inburli 
synchronisation ter reset at the cndol each sequence. The latter is 
Initiated by the 'synchronisation pause' derived in the Iransmillur 
signal. 

Signal output to the servo connected to each separate service thus 
lakes lhe form of pulses, repeated .si the clocks of frame, rate of The 
transmitter, with a pulse width dellnfnii the required position ot the 
servo. The servo tirctul is necessarily complicated for it has to generate 
its own reference pulse, controlled by position via feedback, compare 
its own reference pulse wrlh lhe signalled pulse, and trigger drive in a 
direction to achieve mill balance. A block diagram of a typical digital 
servo circuit is shown in figure 70, 7, 

The reference pulse generator is virtually identical tu that used on 
the transmitter except that the pulse width s con trolled by the output 
position of the servo via a feedback unit connected to (or driven by) 
the output movement. Ibis reference pulse Is led to a comparator 
circuit. The incoming pulse (command signal) Is also fad lu the com- 
p.irjtor which will have an output if there is any difference in pulse 
width {figure JQ.tf), This output is in thu form of an error sign.il, which 
tan be negative or positive, depending cm which way the servo has to 
drive to alter the reference pulse to match, In the presence of an error 
signal the servo will drive in the corresponding, direction to reduce the 
error signal to ✓ mu, when It wifi! slop. Bulb ihpUl and reference pulse 
with its will then he idem i cal, meaning that the servo has La ken up a 
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pusition truly demanded by the Input signal Equally, il will follow any 
irhangp of the input pultt width in 2 similar manner. 

The repetition rate of the input iigiul Will inevitably be grcaLcr than 
the response rite of the StHvu itself, which may have a transit time from 
tsareme to extreme ol movement of the order of 1 second, li it Lhus 
necessary to take the error plus signal and ‘stretch' it into a longer 
pulse, suitable for turning on the driver circuit, which is basically a 
trigger circuit aliicd to current amplifiers. The Servo also drives with 
equal power at any position (unlike an analog scrv i where drive power 
is variable depending Ofl the amount of resistance effeeLive In the circuit 
at any p-osition'l 

With a completely linear response the servo motor would have a 
tendency Eo oscillate about any null position at the repetition raic of 
tfio signal. This can be diminalod by providing J small deadband of 
about plus or minus 1 per cent on movement {figure W>9)- The width 
ol the deadband is eon [to lied by (he trigger ,md amplifier circuit. 
Damping is also desirable to minimise overshoot so that the sefVO moves 
to its commanded position tn the minimum oi time [figurt lOJO). 
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Ann fog servos 


Analog servos diffw in that i lie 1 ,' arc re-camrohed hy an Infinitely variable 
ipfiol signal voltage, usually ranging between pi Hi Of minus 0,25 to 0.5 
volh LiiH'ilfiTy i>r movement depends primarily on the linearity e_if 1 he 
command signal, hut docs not Compare with Ihal trf .i distal wrvo. 

Even with a good linear inpul signal, the linearity of the serwi response 
will still he dependent on the linearity of the differential amplifier used 
to drive the servo motor. 

Another problem is overshoot, which lb almost uftlvOidouhle and in 
the absence of sufficient damping can cause the servo to oscillate about 
its Command position. Relatively heavy 'electronic braking' is normalh‘ 
necessary lo reduce positioning to a single OVGfSllQQt iind immediate 
return to Lhc commantltd position, The circuitry required lor an analog 
servo, however, is considerably simpler than that of a digital servo 
(compare figures IQ. 1J and W. 12\. 
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A glider model plus ilngi«li»nncl 
'rudder only' |x by far the dlcapMI 
nwibofl erf nailing radio nfringt Hylii^. 
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IT SINGLE-CHANNEL 
AIRCRAFT CONTROLS 
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Where only one control Is available, j model jcropLinc can be uin- 
trulfcd in flight by applying this to Control of direction, i.e. ruddar 
control. This will he a practical method of control only if The model 

itscll h.it j revL-rvc ol inherenl stability. [hat is, Lbc model design is 

5 iirnil.tr to thjt adopted for Free-flying models, with a margin of builL-in 
or automatic subiEiiy which enables the model to recover its initial 
flight path after being disturbed by a gust, or some other influence. 

This also influences tire type of cmnfruli possible for tuddet, It must 
be capable ol automatic sell-centring or return to neutral rudder 
position, lo allow the model to recover a normal Might path after it has 
been influenced by rudder movement. This demands the use ol a 
«!t-neutilising {SfH\ actuator. Normal dwice would be dn S.,'N 
escapement for the smaller models, and an S/N singlc-channc! 
motorised acluatnr for larger models. 

Rudder-only control has Tar mure scope Lh.m would appear at first 
Sight and also j number of Iimit.itions, although ihcw can be 
countered to iome extent. Dealing with scope first, 'bang’barLg' rudder 
movement will obviously give a choice of selecting 'right' or 'lcF|' turn 
Response lorudder movement ispOWerFuI and rapid un a free Flying 
model, and so the use of a selective actujLor rather than a ■simple 5,'^ 
type is to be preferred, as this reduces the chances oF J pi!ol error'. 
Considerable practice is then needed in order to judgr: how much 
rudder can be held on M a lime, e.g. the 'timing'' of the ’on" signals 
given by pressing the transmitter button. 

If n rudder position is Signalled and held on, the modcE will 
commence a steep turn which will almost immediately develop into a 
spiral dive, the fate of turn and the rapidity into which it will develop 
depending on the size of rudder and amount of movement, the design 
Of the model, and Lo a lesser extern the free-flight trim of the model. 
The two latter effects Will be veay much smaller than actual response to 
rudder. 

The Spiral dive is one, quite dramatic, manoeuvre which can be 
performed with rudder-only ion trot but it is only safe if the model has 
sufficient alLitudc to start with, and enough height left when the rudder 
il returned tornjUlr-.il for the model lo recover to its normal flight path, 
fu pcrlorm a smooth turn if is necessary tu 'blip' the required rudder 
control on and off, the timing al the 'an' signals controlling the rate of 
turn. In other words the model is made to complete & turn through a 
series of partiilf Turns (urfliated by signal on) and recoveries {signal off). 
At the same time the mndel wilf (end to Tull ihlu Ibe turn and then rail 
in the opposite direction. This 'rocking motion mayor may nol be 
apparent at a distance, it depends on the aerodynamic characteristics of 
the model and the 'liming' of the control signals. 

A secondary erreci will also be noticed in rudder-only turns. As the 
model starts so turn the nose will tend to drop; and as if recovers live 
nose will tend to rise. A steep turn, therefore, will result in the model 
nosing down and picking up speed- When the control is taken off lo 
allow the model to recover into j straiglit fT tchi. path Ihe excess speed 
will cause it to nose up into a room, or even a stall. 







S-InKHJHr-haJirel rmidcls spend mosi of 
tli-cif time ilyniy on thUr uwn.su ihuy 
nut 4i« ililcuna Lie Aliy stablr in I Ii^4i t. 
Th-s li j. rfiecii I'mr j, vuilatec divign, 
kJc ivpc like ibis Ljr. be tricky id 
flv. 


I his tin be controlled to some extent by the rate □( turn signal¬ 
led-or even by making a partial turn in the opposite dilection to get 
the nose down again alter recovery 1 mm a Fairly light turn /iicming 
after a turn can ^Esobe reduced by trimming the model in a slightly 
under-elevated condition, compared with a normal 'Irae ll.ghl' tr, : m. 

This under-elevated tlim is-also helpful in improving the penetration 
of the model against a headwind, free Flight models are norm .illy 
trimmed to eJimta under power and will have little forward penetration, 
reidUve EO the ground, when heading into w nd. Radio controlled 
models need to have a more under-elwated trim so that theh forward 
speed is Increased and the rate ai climh reduced-more nearly to 
horizontal flight than climbing flight There Is a limit to which this can 
be carried onl r however, loo much undcr-cIcvaLior can make tin modL‘l 
drop Its now rapidly arid lost- height excessively in even modcralu turns, 

Rodder control itscU can also he used as .1 Form of 'trim'or elevatoi 
control. It .ifternatc rudder positions are signalled on rapidly the model 
will fly an 5 -path instead of a straight course, starting a turn in one 
direction, recovering, starting a turn in the opposite direellufi. ,md so 
on, The loss of height inherent in making .1 rudder turn means that the 
nose a I the model will he forced down. SO chat the model increases 
speed and loses height In flying the S-p.ith. A skilled p?!ht can uw this 
technique to effect a change of trim during flight, c.g. to change .1 dimn 
mlo.i shallow dive to Improve penetration when heading upwind A 
practical lirruUticin which can iriic in this case, using an escapement, is 
lh.it Lhc l.ir|5e number of individual signals employed may unwind the 
escapement motor before the end of the Flight,, when, further control is 
tasL 

further manoeuvres are possible using Lhe basic control responses 
described,; and il n-ccessary adjusting ihc trim OF the model to SuiL In all 
cases lhc response achieved will aHi 1 be related tu the aerodynamic 
characteristics of the model. The control possibilities with ruddur-unty 
can, be summarised viS follows: 


A slcarr-er (line powered rad i> 
ccntrollEd mndei in flluht 1 Practical 
only Uilflx very llutirwtljhl 
con u me il, 1 n and Ultra llpli[-wci.f hi radta 
jpsiieUjLiun. This Is an uul-,land t-l; 
Ckahriplc ut whaL cm he ichiri-xd by 
skilled muddlers uantint; to try 
SOnne thing ailferenl, 
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kid. Modern trflnsm.cirri JJE iffllN ahtl 
l^hi rnnu[ji Bo be carried! n lImi Hand. 



Leivi tttftt, Blip the same rudder signal on <ind off jI a rale sufficient 
to trap the model turning, but with insuificem dwell with the 'pin' 

■S'Hinti> Cause the nose of the model to di u-p. The Rite of turn will then 
be con trailed hy The rate at which the signal is bUpjwd OP iin-d off. 
Ctimbfng turn. As fur a level !Utn„ but with even less 'on 1 signal and -i 
‘liiiwflj !j|e of blipping. Il may hs necessary lc reduce Ihe degree qI 
urcdcr-clc-vafiixt Od Ihe model trim to achieve climbing (urns. 

Diving turns. As irur level turns, bin Increasing the dwell for The 'on' 
signal, I; may be necessary id apply opposite rudder to counter a doom 
when the rrKwJel receivers to its normal straight path, 

Gffdirttf a tfffli As above, but this time The rudder effect will be less 
mar kid because of tile absence of slipstream ,md -lower Hying speed 
The dwell time for signal! 'on' wilt have to be thueased to Compensate. 
Sptfii) diw Starting with sufficient jltcludc in hand, hold on a rudder 
position. Nole that this produces .1 spiral dive and rruE a true spin. Use 
alternate rudder signals for 'elevator effect' to counteract the zoom on 
recovery. 

i-tJpp. Make two or three turns of J spiral dive, then allow rudder to 
neutralise so that the model •es-osers Into straight flight heading 
upwind. The exccs-s speed huill up in the spiral dive can he sufficient to 
carry ihe model right over to complete a loop. It may be necessary to 
reduce the mitral under-elevated trim to a minimum In achieve this. 
Stott turn „ As for loop, but with reduced turns in tin? spilal dive lot 

more undcr-ckvj Led I rim) so lh.it the model aoorns up into a stall on 
recovery, At tin- tup of the stall, apply a touch of rudder, 

Ro/t. Build up speed with I wo nr three tarns of d spiral dive and 
recover In-straight flight in ,1 LTOSSWiltd direction. Blip on left rudder, 
ihcm hold on right rudder. The actual form ol roll resutiing wifi depend 
or Lhc aerodynamic characteristics of tile model and ils Erlm. home 
models, particularly slower flying types, cannot be mack to mil at all 
Other variations are possible, particularly those based on Lhe arum 
folio wins a spiral dive, depending on the aerodynamic etui.id eristics 
and Irrm of the model. For c sample, it may he possible to roll lhe 
model off the top uf d loop, The spiral dive Is also the manoeuvre which 
Cun be used to lose excess heighi quickly* e.g, to prevent the mode I 
flying opt of slight, or out of range. Here it must be remembered that 
the model will also Jose ground downwind. Sufficient height in hand 
should he avalLiWa on recovery to fly the model back, using altern.tiefy 
blipped rudder to lose further height as necessary and Increase pene¬ 
tration upwind, 


Rudder ptm motor speed 

Using a compound actuator It is relatively simple to add motor-speed 
control on a powered model aircraft, although this necessitates the 
mcliHLon u-t .1 second (secondary) actuator of the progressive type. 
Again the actlralOTS can be escapements or motorised actuators, For 
ease of control vclt-clion the Corn pound actuator should be of the type 
which accepts 'quick blip' signalling for the secondary service. The 
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secondary ilttUfltor tin be d 1 the I-pnsition Of 4-pOiitian type, depend¬ 
ing un the LJiroLlIc response of (he engine used. Thus fame Grigmcs 
fiLLed with throttle controls ire really responsive only Id ’slow" and 
'fast 1 t>'»i tiui is of I he throdle n r m, with inUTmcdiate positions having 
JIttk cffctl. In tills Hse a 2‘pusltian actuator is Suitable. II lhe engine is 
responsive to progresdvn ihrotilo mowment, then a 4-position anluator 
■will give a choice ot three engine speeds {see Chapter fij. 

1 he addition of throttle control does r>ul extend Ehc range of 
manoeuvres possible so much as make certain manoeuvres more easy lo 
perform. Certainly IE provides a more direct nielhud of height control 
reducing engine speed will put ihe model into a 'powered glide'. It ts 
generally recommended where the size ,md type of model is such t ha :t it 
tan readily accommodate a second aUudlor; md suitable engines are 
available with throttle central. Throttle control K usually least effec¬ 
tive and often not available as a standard conversion with a number 
at the smaller si^SOf engines. As a general rule, ton, glow motors an 
more responsive to throttle canned, and more reliable in I his respect, 
than diesel engmes. 

Rudder control with the addition of molol speed control iy still 
Spnerfilly classified as "rucrdef-only 1 control 

Rutitfcr piun devutor {tin fro! 

Elevator control is no alternative toiudilLT control and so can only be 
considered as d secondary service with 1 udder as She main control, The 
value of ekvatur control, on Ihe other hand, is fairly obvious, k t,m be 
used Lo correct Ifte 'dive' unci 'ruom' tendencies Initiated by a turn and 
recovery from a turn, respectively, as well js being d ‘trim 1 or altitude 
CanlroE. 































11.3 Stm-eUI type of tilipemenl with 
■extra ft echafllca.1 mmrtmfitiE Trar 'k|(k 
elevssor' jLliun. 


Becauieof the rapid and Critical response aircraft pcunlrol nwve- 
mcniLs it is nol possible Id utilise a 4-pos.il ion idf’Ctfrtlring mam 
WtUiltOI which uiuld preside! fur selective operation of both rudder and 
elevators controls. Instead it is best to reg,ird the elevator control as a 
ieeortd,lty service which ran be selected simply, and quickly, The most 
practical method is the adoption of "kick elevator'. 

This 'kick 1 movement rs provided for at the 'third position' ol certain 
escapements I see figure 11.3). When this position is selected and held, a 
trip action produces a rotary movement on a separate crank which can 
be linked to Lhc elevators- tu provide "up" or 'down' movement. Rudder 
is not affected by holding this signal and the escapement wheel position 
corrcspon dy to [near) neutral rudder posit ion. Equally, ru ddc r canrii jt 
be signalled whilst the elevator movement is being held.. On tilease of 
signal the escapement return* to neutral and the elevator is centralized 
by spring action, 

'Kick elevator' movement can ho used to provide up or down 
trim-or even r u 11 up or down elevator movement, if required; but not 
both up and down elevator movement. 

The lacl that the elevator will have a momentary 'kick' movement 
tor every rotation of Lhc escapement wheel will have no affect on the 
normal llight path The advantage nl this system is that the elevator 
movemeni is obtained Irorn the rudder dcLualor, i,e. only one escape¬ 
ment is needed. A similar sort of rnovemeril can be provided lor on a 
motorised actuator, 

An alternative system is to work a secondary actuator from the 'third 
position' an the rudder ncluator. This can bs; a 2-position or 4-position 
progressive type. A 2P actuator would provide changeover for the 
Selection of elevator trim. For e*ampfc 

(1) elevator normally neutral, trim position 'up' or 'down'. 

(2) elevator normally "up*,, trim posit ion ‘down' (or the other way 
round), 

A 4P actuator would appear to provide a wider contl'Jl service. Lc. 
the possibility of having either 'up' or "down' elevator position, With 
the intermediate position giving neutral elevator. I he system is less 
practical, however, since a particular elevator position can only be 
selected in sequence and if the pilot 'loses' the sequence the result 
could be disastrous. 

A further possibility is the use of two 5/N actuators In cascade, The 
method of casea.ling is dependent on the type oi actuators used, the 
main actuator having to provide lour selective control positions. The 
second actuator which is used to drive the elevator linkage then has two 
selective positrons, mechanically anrffoc electrically linked as necessary. 
Electrical linkage uin be obtained from wrper circuits Otl the switching 
circuits of the two units. 

The I imitation with cascaded actuators is that although the signalling 
can be made selective, selective signallinR of the elevator service is 
cumbersome. Normal arrangement for signal ling tj: 
press \Wdhold - right rudder 
prCii-re/ease-pre.fs end hold - left rydefer 

113 










bec ause of Eh? small weigtu ol a 
slnjjle-ch jhhiil ruct iv-of jfi J jaujLur, 
and smalt lull ltv requirenunlv, rrin:lelv 
jj snulJ u 1:2 inches wingspan can he 
rkiwn tutLEtdiflEv -tin mrfilcr-nntv 
tontK^I Only tillable for cafm slather 

doadll Inn-5, I hough, 



pnsfrreietis&prtsH'rtfymt-pnBs and bald = up elevator 
pncssrretetae-press-fvfeQse’prgsS'reimio pn'ss and ha!d = down, elevator 
This iv, however, workable tor aircraft, provided the model Is not Lou 
fast and, or, ek'VdLof conCnul critical in response A, fifth serviu 1 cart tie 
provided hy quick-blip' ivyil^hnig, i,e. adding motor speed cuntrnl as 
well This is about js far as one con attempt to go Tor a practical 
■5jnij5lc-c+l3nn.el control system applied Id aircraft. 


Aileron anntmt 

Certain types of model .aircraft lend themselves to aileron t ontroi 
instead of rudder. The response is similar bath aileron and rudder 
movement have the effect of inducing mil and tom—but tne response 
lo .aileron movement Fi far milder. Thv m/vantsgn uf aileron control lor 
turn*, raihCT than rudder, is chdL Lhe turn is far less vicious wirh 
reduced nose dropping tendency. On lhe Other hand [his can be more 
than cancelled out on most lypes of mode Is by the lack .if a true 
directional control (rudder). 


Slflglt-ctiinnL maikl .isrcrnfr klture 
LUrnnuinly desIgnEd rn hE pnwEred t>V 
rn .Off sbe g?ow motors. rhe« 
JIE inexpensive compared ivlth 

UiEir larger counterparts fat 
pmponlonit radio. 
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Thf -application or ni leron control as an aftcrwitfm io rudder must 
therefore be approached with caution. it un work well Oil attain 
design* li'.g. gliders) and on models where rudder control tend* to be 
Loo 'vicious' because of the small degree of automatic stability inherent 
in the design (e.g. low wing models). It would not be J normal choice, 


Coupfcd atfcrort tint! rudder 

One method of including aileron control whilst still retaining rudder as 
the main directional control is to couple aileron and rudder movements 
mechanically,, so that both are operated off rhe same actuator, This can 
enable the amount of rudder power required far turns to be reduced- 
However, few manoeuvres require the simultaneous use of ailerons and 
rudder r and the fact that die I wo always mow together in the same 
mode can he a disadvantage at Limes. 

In practice, mechanical coupling of Ihe movements can also present 

clcvalnr stop position problems. In tact a better scheme is Lo use 
separate motorised S/N actuators for the rudder and ailerons, 
electrically connected in parallel tu operate simultaneously. 



11.4 Cciupted-allcrtm-rijd-der, usl*is 
separate itouufl oqnmewd In rural k 
c|rc erica ly ta reippftd si mul L jji-t gusIs 
IP i signal. 


Other systems 

Various other schemes have been tried for extending the range of 
services provided by simple single-channel systems, but none that rely 
on-scquencc switching tan be used far other than secondary or non- 
critt l-j I controls o n alr craft \ « 11 -neut tal isibg ru dder action (or 
equivalent directional control) is rhe basic, and essential,, control 
requiremcnL 

Early attempts to combine rudder action with elevator employed a 
freely notating v-ane which could be stopped in "equivalent'rudder and 
elevator positions (sec photo above). Stop positions were ci ml rolled hy 


Rudder, ekv.ilcsr j ml thmllle control is 
pwiuUle from singl* thinncl, usiny 
three separate actuators In cascade. 
Maiiitaininjs full control InlllglriH 

diMktill, Uiauijli, because rudder or 
L'lcvilor, can ,.irIv be signalled in 
sequence 11 1 mi Ik ccmtml should 
always b= from * r quiclc-f>ljp l signal, 
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Early j!Li :ii:'I I g-verc.urnc M l 
I iml Lallans .1' md.!<r lorly ca-ntr si by 
using H rntaring vir.E Instead «r a 
euijdcr, slurped Pi eq u>iv ale he 'rudder 

arid 'tkvjlLT' |Krii[H>nS Ifi MqUflK'C 
Alla in il wn Lire IjcE that ecnliul 
required had in be signalled [hmugh a 
sequent* which led to its lack uF 
BHCW. 



escapcm c n [ movements an ingenious, but not particularly successful 
attempt at a simple mechanics I solution to coupling rudder and tlevalor 
response. 

Some thirty years of single-channel working luyc, in fact, yielded the 
fact That for pntetitai operation as aircraft cor trots, rudder as a m.i n 
control, with motor speed control as a secondary service remains the 
first choice. Performance I initiations exposed by this combination are 
best tackled in terms of model design and model trim, rather than 
elaboration on the control services, available. 

Where extension of control mm vices is decitabl*, then bin^to thartnel 
pulse proportions systems arc worth considering, Basically, however, is 
Far as aircraft are concerned, only ‘mult«" or proportional systems will 
give all the coverage needed for complete control, Nevurt lie less single 
channel coverage For aircraft controls continues in command wide 
support, particularly In Britan and Japan, largely because of its 
considerably lower cost. 
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12 MULTI - CHANNEL 
AIRCRAFT CONTROLS 



1 2.1 The nfiSit ill tmportlllM or 

I n ii iiti-u-r j| Ltinlruh. 

1 rudder J en^lnE ipwd 

3 elevitora 4 jiifrons 


Multiple (turn-) ch.irin-cI systems .ire described by ihc number of 
separate sign ill ini’ eh in neb available. Two channels are required for 
selective Operation Of one multi servo, which can be either n 'bang-bang' 
self-centring type, or hive J progressive ftCilon. ' Bang-bang' S, ! N ^jrvns 
are used for main control functions, and progressive servos- for trim 
functions. 

Multi-channel systems have little advanlagt! over single-channel 
systems lor aircraft until lit least six dianncEs ire available. This extends 
the coverage available to rudder arid engine speed (also readily avail able 
with single channel), plus positive and separate selection of elevator 
control. This can be regarded JS a minimum requirement to justify the 
greater expense of a multi-channel system far aircraft—a fr-channcl 
triLnsmiUer-receiver combination w»th three multi servos. 

Contra! coverage is still not Complete, however. Another two 
channels are necessary to add aileron control; and ,i further iwxi 
charnels arc desirable la add ek-vitor trim. This then represents 
complete or 'lull house’ coverage, where the pilot can have full 
command over the aircraft in flight. 

The aHutation of channels, in their order Of importance., is thus; 
Rtjdder opera ted by a h,<' N servo 
Throttle operated by a progressive servo 
Ffw&ton ope rated by a S/N servo iS-chinmeli 

Aiieram operated by a S/hJ servd ft-chsnnels 
Elevator trim operated by a progressive servo 1 O-thanrtels 

The maximum number of channels available from reed equipment, is 
twelve, i hese additional channels tin be used to operate ancillary 
services or an additional trim control. Much depends on whether (he 
controls arc to be 'all furtctitwl^f, or are to add -some 'display' feature. 
Thus flaps, or aileron or rudder trim, or undnrtunage retr action, arc 
lunctianal controls which could be addl'd by ihe -pare two channels on 
a 12-charmcl system, Bomb-release, or perhaps triggering a L-amera 
carried aboard, are ’display' controls which could be worked Iram these 
spare channels, Mo such services selected should be Included dt the 


MiJlIi-rng-r e ilrcnrt bEEimt; pratliuJ 

with the atvavla bll h~v nl diircily- 
sigmlfcd inulriplr cnntmH, 
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TypJeaJ lit ifl Jitvintsd qembltK 

d«lun for 'inuSCi' ffldtnci-ls J-uddCl. 
elcvatur, elievainr irlm. PirDlcJ-r jnd 
*|j|p ailernni. Hiih w«rt£ layout it 

rEljiiwd. 


expense of [he mam l unction ,ll controls Ikied above. If they arc, [his 
will he to the detriment q 1 lull functional control coverage. 

Additional control services tun also he obtained by coupling. Thus 
the operation of wheel brakes can be mechanically coupled To elevator 
movement, (up elevator also applying the brakes is the typical choice,) 

11 is quite tinnec«v.iry Id U5t radio control channels tea - brake opera¬ 
tion, Similarly, nosewhcel (or t.ulwhccli steering cnri be mechanically 
linked to rudder movement. 

A coupled control system whkh has come into us* for slope sparine, 
gliders is coupled ,1 herons and flap, known popularly « il-iipcrun 
control of 'flaperons'. 

Further extension of tonlrak is possible by cleclrfcal cOtipBrig and 
limit switching' fhi- 5 . takes advantage ol the Fact that certain -curtlml 
positions, or combinations of turilrDls, are only used to a limited 
extent. 

For example, slow throttle would normally he associated with ,i 
particular requirement such as a rifled Lo lose height, nr approach tor a 
landing. The limit of movement of the throttle linkage could ihusbc 
used to operate a switch, energising a separate 5/N servo lowering flaps-. 
The fact that every time the limit of 'slow' throttle is signalled [he 
flaos Will lower, is immaterial. This extreme throttle movement can be 
avoided in normal 'lighL (the throttle movement is progressive, nol 
bang bang'| When daps arc required, holding the throttle-signal key in 
Lhc slo w position will cnfUfe that the limit of movement is reached 
and the haps arc operated. I hey will continue operated until the 
throttle is inched forward again, when the flap HTTO will be de¬ 
energised and centre itself. 
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12.'2 CtMiLfiif musEmurik IV-aulltnl. 
Thu ,.irnc retummtniialium jyiily [u 
proportionul Lonlink, Likin; Ihu 
fi|{UE« « maximum 


A particular combination or two controls can also he utilised lor 
switching an additional actuator, or service, A numtacr of aerobatic 
models, ti>r example, arc difficult to Spin. This is usually because the 
amount of elevator movement suitable for normal I light control 
requirements is Loo limited Id enable i h-r model lobe stalled in La a true 
spin. To overcome this limitation an addition Id the switcher board on 
the elevator servo ten provide for iiddilional up elevator movement 
under certain conditions by interlinked switching. The control com¬ 
bination to produce a Stall would be slow throttle and up elevator. Each 
of these two positions can close a switch at the limits of the respective 
movements, Ihese swinthcs being GQnntFted in series in Lbc elevator 
extension switcher circuit. Thus when the 1*0 control positions occur 
si mu I L.i neon sly the extension circuit is completed, allowing The elevator 
servo to provide extra up movement. In exactly the same way, the two 
series switches could be used to complete the circuit of" j separate servo 
providing some other control function with a particular combination of 
Two controls signalled, 

Mention of the need for limiting elevator movement foe normal flight 
control emphasises a basic limitation of 'bang-bang' flight controls. 

They have to be held cither ‘full on' or neutral .md So as to provider 
varying degrees uT Control have lube 'bSEpped' in a similar manner to 
single-channel rudder control- 1 heir control ling power, governed by 
theer area and movement, have also tu- be balanced 10 give a reasonably 
smooth response not too vicious,, and not ton weak. 1 o some extent 
this is governed hy Lhc design ol the model, and particular Iv its flying 
speed, but Lhe following am general proportions and movements: 
Rudder Area a boot 2-3 per cent of the wing area; movement 30 

degrees right and lel'L 

Fterftton Area about 4-5 per cent of the wing area; movement TO 
degrees up and down. 

.-1 fferuat Arua 4 b per cenL of the wiiig area; movement depends on 
rhe control response required. To achieve rolls movement required is 
uvually 30 degrees Up ,md 20 degrees down With conventional inset 
ailcronsj nr 2£l degrees up and down with strip ailerons. Less movement 
isncedrd for sieoaly turns 

Efcvalar trim Movement required rs quite small, not more than I'A 
degrees up and down. 

Rudder trim Movement required is rather less than that for elevator 
trim, typically 1-2 degrees ri^hl and left. 

1 fferoft trim 3-5 degrees up movement; 1-37; degrees down move- 
mcnL 

Fhps Area abnat 1Q-15 per cent of wing area; movement 30-35= 
degrees down '!nol more than 45 degrees), 
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Dvcuupitng cpntrofi 


(t is a characteristic Of Tull bouse ' multi COfltrots Lhat the rudder 
control Is rarely required to be used in flight, other Lhan for directional 
control during take off and landing, it is still an intffsptnsibk control 
for these two critical parts of the flight, so rt cannot be ignored. 
However it is practical to decouple the rudder control in flight by limit 
switching from dnoihcr control, breaking the rudder servo circuit and 
making another circuit, which then enables the rudder signal channels 
CO be Used Lo operate another control servo under these conditions 
This would enable aileron control 10 be added with a bcfunncl system, 
for example. 

Again It 5 h rut Llc-limit position would be chosen for decoupling one 
control < C -S- aileron) and switching over 10 the other (e g rudder) 
actuator, Full throttle would be best. Aileron control is them available 
at anyihing less th-Ml Tull throttle-setting, and rudder cun [ml only ,ti 
full throttle. 

Rudder control is Ihen available for take-off {lull throttle} Once 
airborne ihe throttle is eased bar k just sufficiently to decouple rudder, 
Switching over to aileron for the turn control. 

Decoupling obviously has Its limitations. It is no substituic for 'full 
house' coverage, Only a means i if extending possibl-C coverage with 
limited tflannels available from the radio equipment. U is j hotlet 
working system than luupivd aileron and rudder, however, which is an 
Alternative method nr including aileron as well as i udder control with 
limited radio coverage. 



Widely i.ivuuree layour ay European 
DtsrjSntil fur 1 mul0' jJki dll Wrarking 
wirh fi-, S" nr lb-clhjnnab. 
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12,* S«r.jjle-channL’i aircijlL Mof; nmd 
positive- wing s-i^in; incld^rtcE. 

MwItPHChilMKel aircraft Italow] nrtiil 
small to ?t[Q wipe Incidence ter 
mA^Irrwfn ren«mw to central-*. 



ModeS design 

Rudders rigine spccd-clcvator-ajlerun contrai together mike a model 
a If craft ’plloliiblc' all (he time in Night, particularly if elevator trim 
control is also available. fJol o-rilv does (his mean lhat the model K 
more manoeuvrable, particularly regards acrubaik'. performance, hut 
there is less rawwty Jot Lhe modi'I design itwH tn pti-wcu inherent 
stabilily. In fact, built-in stahility is detrimental to iicrotwtk perlnr- 
mancc and can even make (he model mure dil'Ti cull 10 "pilot' ill I the 
lime. 

The design of multi-chinhcl aircraft can thus differ Irum that of 
slngl«-chflnnc| ihnfL I"he mOsE notable fealune K usually a con¬ 
siderable reduction in dihedral, one of lhe mosl pctwerlui stabilising 
tactnrs in a free flighted single channel design, boE the one which 
deL r eases manoeuvrability, 

Because the Might t-ontrol movitments are still ■bang-bang 1 , and 
response can Only be snuxithed and varied by 'blippirtg the control 
HgrWLh some margin qJ inhcrcnl stabilily is Still required In the design. 
Most of the early multi aircraft retained the high wing layout because 
of its better inherent stability, allhough syllable iGW-wmg layouts were 
later developed and generally favoured for aerobatic performance. 

In genera], however, lhe low wing model remains j trickier proposi¬ 
tion ui design, and piiol, with multi channel controls. Similar limita¬ 
tions apply To scale models, which also generally have A low reserve iti 
inherent stability (and In some uses little stability at all). 

Limitations on model design imposed by the operating nature of 
bang-bang 1 contl-ofs Of on the ability of the pilast to maintain control 
Over ,t marginally viable model. In flight have now almost entirely 
disappeared with lhe replacement of 'hang-bang controls with piopor- 
tkuul controls. capable of providing COmpkie coverage nl control 
requirements. 
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Jtvc ppopqrtlorwl control hat virtual replied <11 uLlifif Intent pf rjdUj control, v»ji:h models reaching 
ih* ultimate in pe rfo rni ansir. Thh li an example ol a mn:i<rn aerobatic dttign. 
f'hotu H fldfp Modeller, 
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1 3 PROPORTIONAL Proportional controls provide infinitely vii= ijihute positioning of confi ol 

AIRCRAFT CONTROLS surface? (or movements^ the degree of movement corresponding to I he 

amount of movement (i.e. in titacl proportion to the movement I of the 
control slick (s| on the transmitter. Again two types of servo move¬ 
ment! are available: sefF-antr/ng for the operation of main flying 
conErols and progressive for Ihfattle movement. In Uhc forme* case the 
control stick is spring biased to return to its central position. Relating 
the stick thus automatically rcvuJLsm the control scIf-cenEring. Slicks 
controlling progressive movements are braked, so that they re-mam in 
the position to which they have been moved. In other word's exactly 
the same type of servo can be used for either type of movement (a 
standard proportional tervoj. It is the mechanical action of the trans¬ 
mitter control stick (whether spring self-LC Hired or braked), which 
determines whether the servo action is SflF centring or progressive. 

Proportional controls offer a further bonus in that a separate tffm 
facility can also be provided through 1 be same coni rolling channels, 
Fhos whilst one signalling channel is used to control each servo, each 
separate signalling channel can provide both proportion..; and [rim 
movements on that single servo. A trim facility is not necessary with a 
progressive servo and so this additional function would not normally be 
provided on the transmitter channel allocated to operate a progressive 
servo (e.g. throttle control] 



Pmpartitinal has a-511 PliilB [retaliate 

madeii a practical preposition for 
hying under radio control. 


Proportional control i arc best described by the number of fUftCtlQrti 
they can perform, rather than the number of signalling channels (as is 













PJupuitHifijr ir.in’,iTiitf. r 5 . ar*- imarniblv 
■usucialed witn 'joysllct,' type mtiLrul 
movements upward (11 ISS*me 
cnnsmlhnu onr ifir. -lc and wdcwai i 
movement j second mivice Rofh 
coniroll tjh be 4»prra(e^f 
lirr ul I jneoii- lv E«h mavfrnrni n jlitj 
usticulnJ with A sepjidl* Irini con Urol, 


Anoihcf IT i.'Jcrr type nr mod?! is l?lt 
pylon racer-racing twn or mora dl a 
(inn: at law altitude around i bptLijI 
course, 


done with miiIti channel cqLupmenf), Thu;. single function iir I funeikm 
prupurlioraal afters proportional working of 3 single pmpoftJnhil servo; 
a 2-funcltun system Independent, and iimultancous, working of twu 
piuportiorml servos, ,1 Munctioo system Independent, and simul¬ 
taneous, working of three proportional servos; and so-cm, Proportional 
system* can also be described di "singlc-pr oport iortar, 'dual propor¬ 
tional', Jfld Soon, referring to the number of separate proportional 
services (servos) provided. 

Pn certain designs of transmute r-ncceiviT Combinations an additional 
single-channel control may be included, capable of separately ton trot¬ 
ting a sinRle-chanru'l actuator. '[ his is normally designated by *l\ Thus 
'l+r deiignates J system offering r proportional plus 1 sj h^Jl- channel 
service; two pro portion a I functions plus 1 jingie-LtunncI service, 
and soon. 

This has the nfvanlagc of simplifying the elcctrunks and reducing 
the tost of the equipment whilst providing an eUru function which tan 
be used lor a non-critic,d control sendee Rudder, elevator, aflerons and 
throttle, fur example, emer the complete control requirements of a 
model aircraft. This is a faur-f urstT Ion system, which would requite the 
use of 4-functji m proportional radio, However, the same coverage can 
he offered by ‘2+\ employing the three proportional fuiuLiorts for the 
main flight controls [rudder, elevators and ji reruns}, and allocating the 
'+T function to operate throttle on a sequence basis, as with sin^io- 
Cfunnel working. Ihc disadvantage of this system is that only ■change- 
over' ol throttle position is available, not progressive Ihrultk mosvmerit, 
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I viMul 2-filiKthStt lr.n-.ri 11 pr wilh 

■■r-ijrlL' Lunlrul tilck, NtMc Lht «par.nf 
I rim tonirch for t-ach function 



1 function proportional provides the -.-.'Tie crmiml mvflrjge as simple 
single-channel i.e. rudder-only-control with the advantage that the 
amount of rudder mownwiit on be selected al will The [rim facftjly 
urn also be used to trim -out the model lor straight flight, 

The type W' r vO Used must be sriF-EErtLrlTis, and the model mum 
possess sufficient inherent stability to recover Its normal flight path 
when rudder control cs released, wi the system would appeal tooffer 
lilllc rriH'Hrc Ihiin simple Sing.lt- chinnd rudder-only control, cvcept for 
Lhe facility i,-1 varying (he amount of confrol toy slick movement uthcr 
th.m 'blipping llie signal. And this is only obtained .it the esp. n-e of 
considerably mine cosily radio equipment, 

In practice the difference is considerable. The degree ol control 
offered by proportional rudder movement is vastly superior to 'bang- 
biing' rudder movemenl. A model is simpler and easier to lly and 
certain manoeuvres, particularly £-lurns to simulate a shallow dive, are 
readily accomplished, 

'l+l equipment also makes it possible to add throttle control on a 
powered model; or elevator trim control on a glider. The latter can be a 
(ine-poyii ion trim ['up' or 'down'), or throe-position OP the lines 
described in Chapter 12. A I imitation with most '1 + 1' systems, however, 
isth.it when the '+!' signal k being held the main (proportional} 
function may he locked out (i.u. stay in the position il was when th L 
t+ \' control button i; pressed:, or alternatively return to neutral 


2-font ifo \f 

Twit-function proportional ulfers control -ivc.' rudder with a choice ol 
proportional eonlrol ot cither elevator or throttle ill the use of 
powered model aircraft, There rife arguments in favour of eilhcr choice, 
Rudder plus throttle Is probably the easiest and safest lumbittdtbn for 
general use, RuddM plus elevator can give more scope lor aerobatics, 
all hough placing more responsibility on the p-iSol since the model willl 
bf flown .It lull throttle all the time. Ailerons may he conskJ'pred as an 
alternator In rudder in some casts, arid also the possibility at using 
coupled ailerons and rudder (see Chapter 12} 

A '2 + 1' system virtually ,iI locates the two proper Lional channels lor 
rudder and elevators, wilh the '+V function controlling motor speed on 
i changeover basis. 

A ^-function system provides adequate control for gliders., allocated 
to rudder | or ailerons) and devatat. If a +1' fund ion is also available, 
this Ljn be allocated !o operate sailers or flaps. 


^-function 

Tht 1 3-functlon outfit provides adequate coverage For powered aircraft 
via rudder, elevators and throttle this being the prcl'erred choice. T here 
is also the possibility ol applying decoupling Us the rudder stiv.i liquid 
aileron cun trot. 'I hus the rudder servo circuit Is swiLcbetf m only all ull 
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throttle position, and used for take off. Once airborne the throttle can 
be backed olf slightly, opening the rudder servo circuit switch to 
decouple Lh ■> service and switching in Lhc atlemn servo, 

A '3+1' outfit offers complete control coverage* the three propor¬ 
tional channels be-inq allocated to rudder, elevators and ailerons, and 
the '*r Function to throttle changeover. 


4-Functfan 

This offers complete lunctiemal control coverage lor aircraft, with 
proportional rudder elevator and ailerons far'd trim on each], plus fully 
variable throttle positioning. Additional secondary services can be 
derived, as necessary. by mcdhanEcal coupling (as described tri Chapter 
13), or 'limit switching’. 




4 - arid 5-f [Indian uuLFiti air thr mast 
iiajiular Tar pawrrrd lirpjlt, 1- *nd 

5- Funciwn prniwdnnil Is basically 
resirimcit to sliders and model boats, 


^function ami 6-Fat tenon 

Proportional equipment is also produced offering .mure than the four 
funClbre necessary Tor complete functional control til powered 
aircraft, These additional functions ate nut necessarily proportional, 
however. They are of value for indepcnderH selection and operalien of 
ancillary services or controls which may be required. For example: 
Undercarriage retraction and extemfoti to reduce the drag oft he 
model In flight and thus improve its speed performance or dfrcbatk 
capabilities, 

i iap operation to reduce speed durinu approach and landing, and 
making precision landings easier. Flaps can nlw be used ip fil^iL to 
assist certain manoeuvres. 

Special duties such as camera operation for taking in-night photo* 
graphs; parachute release nr bomb dropping nr other 'display' items, 
etc. 
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Similar possibilities ^rise from ‘^Itching 1 secondary service actuators 
into mowm*# at 'limit' positions of another actuator (or combination 
of two actuator positions), as already described for multi-channel 
controls (Chapter 13). Coupling positions must be selected with care, 
however, to avoid unacceptable responseis). 

Whatever the projected coverage. all main flight cunbaJs-rudder, 
wlernns, elevators and throttle-must hotve first cal! on the Services 
available (he tdltirygup four functional controls), Ren-wining 
functions available enn then be a I located in order of merit, putting 
perfor mancc first. Direct command fs always better than indirect or 
'coupled' command. 

n-D uibSliEUl* tor 'ciiDpnrlln n*l' if ynu 
waril Lu lly model , like M ute ir, safety! 
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It has already been mentioned thaL the transmitter controls art' 
invariably in Lhc lorm of pivoted Sticks. Slick motion* art; arranpd to 
provide natural control movements. Thus a 1 -function transmitter, 
which would only be used for ruddier (or aileron^ control on 4 in aircraft 
Would have a srde-to-sidc movement, Spring Centred. 

A 2 function tidiismitlcr may have one or I Wu sticks. A single stick 
would have universal movement, tideways far rudder and up and down 
far the second control If the second control is throttle, then the Cooes- 
pudding movement would he braked (not spring-centred!, if required 
f-Oi elevator control, iL would be spring-centred Oti both move m ehIs. 

The Same principle applies if two stieks arc- used, Tfk ruddd control 
>tii would have a sidbtoslde movement, spring centred t he second 
stick would have an up-and-down movemertl, bfAed or spring centred, 
os appropriate. 

3d'unction transmitters normally have one dual-axis stick, spring 
centred (tonlrolBfig rudder and elevators); and a second slick with an 
up-and-down movement braked, for throttle control, This would need 
to be modified for gliders (or power models adopting elevator instead 
of throttle tunlralj-, so that the second single-movement stick h.id a 
Hlde-tn-sicle action, Spring centred. Allocation is then largely arbitrary, 
Some pilots prefer rudder and ■elevators on one stick; others atlerons 
and elevator on Lhc one slick. I he former js more logical for gliders, 
and Lhc latter for power models, 

4-fursctiem I ransmiltcri normally have two dual axis sticks, the 
vertical movement of one being braked far allocation as the throttle 
cunlrut. This can he an the left or right kind slick, depending an 
personal preference or choice. Again there arc alternatives lor Lhc 
altociitian at the other control movements, usually referred to a 5 rrrcwfa 
to provide .1 standard reference, 

■Wade t allocated I ho right hand slick for rudder and elevJlurs; and the 
iefl hand stick far ail era ns and throttle 

Mode 2 ill locales lire left hand stick for rudder and (rteVdlcWS and the 
righi hand stick fur ailerons and throttle. 

These arc the usual alternative configurations adopted by manu¬ 
facturers, and the Classification can also .apply to Any 2 stick arrange¬ 
ment j regard less oi the number ■ if functions). Another popular 
descriptors Is'throttle left* (Mode I) and 'throttle r ight 1 (Mode 2). 

Certain proprietary equipment may also vary the type of control 
levers e.g, using sticks only for main flying conlrot rrvovEmcnt^ and 
employing d separate lever far throttle control. 

Trim controls are normally in the farm of 'wheels’ located alongside: 
the appropriate movement, readily Operated by a thumb or finger, A 
+ l’ function, where included, is normally pushbutton opcr-aLcd. 

I he only real significance of the allocation nl transmitter controls 
lor transmitter model is that piloting becomes instinctive and, once 
learnt with ,1 particular arrangemenl or transmitter controls, has Ed be 
re-lcarnl to some extent if a change is made to another mode. 















T fie miinriiy nl prcumrlianji 
irj/iiimtieri folio kv i layout like- thfcSj 
vriLh imm joyitkki. Mnl*r Imdfcites K '<■ 
ij'Ulpul *nd II1U dI kiClrr*L‘. 
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14 OPERATING 
PROPORTION A1 


ftupot'lioh.iil radio control! equipment Is invariably uperated 'ash I he 
transmitter-receiver combirutioo invariably incorpurateS A superset 
receiver, which s pre tuned and aligned. No Tuntrig adjustments drc 
necessary nor should they be attempted and thus a range check 
virtually ir^vpIics nothing, except to give confidence that the equipment 
will work d[ range. If the range proven inadequate, there Is virtually 
nothing that the average owner can do about it, except to eliminate the 
obvious cause run down batteries. Faulty equipment Or suspected 
faulty equipment* has to be returned to the menufaclurer or approved 
servicing agcnL for cheeking arttl rectification as necessary. 

Built-In faults do, however, commonly occur, tile cause being binding 
or jamming mechanical movements which apply a braking act ion to the 
servo output movements, These most be eliminated, ,ihd rec-immended 
procedure with j completed installation is to temporarily discanned 
the mechanical linkages at the servo end and operate all the SCfvOS in 
Lurn via the transmitter controls, listening carefully to ihe noise of each 
strvu. This is then repeated with the control linkages attached, and the 
servo noise compared. Any appreciable change in servo operating Speed, 
shown by J marked change in noise of operation, indicates excessive 
friction or load on that parlkuld' linkage. The cause should be (raced 
and cleared. 

This preliminary checkout should, of course, atso beused to confirm 
that all the controls arc working in The required mode, i.c. that rudder 
Stick movement docs give rudder control response, arvd so Ofl, Opera¬ 
tion can be checked initially with the motor ofr, and then again with 
the engine running Vibration and 'noise can cause laulry operation if 
servos are not properly mounted and metal-tn-metal contact is invulvcd 
in mechanical movements. 

The only pro-flight L-heck flfices&ary is to confirm that all the control 
movements arc available with the engine running. 

All trim controls are normally set up 1o correspond |o true gcomctrii. 
neutral posh ions (with the exception ol throttle, where the separate 
Trim' i unction. Is nut used). Neutral control positions wi|h the 'trim' 
control mow-ment also in the central position on the transmitter will 
gjve maximum trim movement in either direction for in-flight correc¬ 
tions of trim, as necessary. 

It is a characteristic oi many proportional outfits, however, that I he 
tieuLr j| position of the servo is subject to drift with small charges in 
battery voltages. The initial voltage of fully charged nickel-cad mium 
accumulators will be slightly higher th in Ihe normal, and substantially 
constant, lead voltage, which can cause the sc j vo to drift slightly Ol f 
neutral, and return to normal neutral after j minute 01 so, Neutral drill 
may then tend to occur again as Lbc battery veiling! - appolaches the 
point of rapid Tall-off in voltage. This can only he avoided by avoiding 
running (he batteries down to this Uale. Initial servo drift, if present, 
C,tn be ignored and trim rc-ad|Uhted in flight to compensate for the 
subsequent change to normal neutral; or worked off by leaving the 
receive* installation switched on for lwo or three minutes before 
Starling, the I light. This will allow sufficient on-load time far the b-atLdy 
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cnvtraee. 

134 


WjIIjbc la stabilise at its (h>rmdl value, and a normal and consent 
neutral position free from any further drift. 

ihc most likely cause of opHraEional troubles, or faults, developing in 
a proportional control system are as. follows, in order ul likelihood 
1.1) Pilot error, especially in the case of aircraft where the model has Lo 
be controlled in three dimension*. R/C boats arid curs arc also subject 
to Pilot error', ji thnUjih rho consequences are not Lrsu.illv sodiaslic. 

{2} Poor ins fallal fom, such as: 

(a| Receiver badly mounted, with Insufficient foam rubber Isolation 
Ih] Mcchanit.il movements which arc binding ur |.irnming. the cause uf 
which i.dn be traced and eliminated in a preliminary check as described 
above. 

Servos badly mounted SO tho[ they can move and modify 
mechanical output movements, 

(d.| f itfllt Of poor vvir inf*, which tan produce disconnect iuri(s) under 
vibration, etc 

(e) Discharged batteries (we Chapter 21 1 . 

If) Electrical 'noise' (generated by mechanical movements, which can 
bo cured by bonding nr insulation. 

(g) Receiver or servo circurt faults, These are comparatively uncommon 
in proportion Toother possible faults, but they cm occur, partkutarly 

if the equipment is abused, 

(h) Outside interference. Even superhet receivers are susceptible to 
interference by Spurious transmissions spanning the ipnt frequency ol 
the crystal controlled transmitter-receiver link.. Spurious signals c,in 
^how up ,ts nivolunLary (unsigrulltfl) control movements, popularly 
known as '.glitches' The presence > if Spurious signals cannot be elimina¬ 
ted, but receiver circuits can be designed to suppressor minimise (heIf 
cllccts on ml "inter ferertee nef^ciiun' basis. Some receiver circuiis jie 
particularly good in this respect. Others less so. 

Suspected receiver Or servo faults an be Checked aul on n 'substi¬ 
tution' basis. A servo may fail to centre, nr be Sluggish in centring, 





























UflKuJua Id* —In e layMit. prr-ferreil 
Tur bjciii fly Inf. Modern l!i -■>:> i±. 
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when, dll the linkages Errvolved shc^k a* utisfacILury as regards friction 
The fault is thus electronic rather than mechanical. A simple check is La 
unplug that scrya and plug an a servo from. nnother service. If the hsult 
h. still present. then it if the receiver circuit which Kai the fault. If the 
fault disappears (i.c. the substituted servo Walks rn»rrnallyf, then the 
fault is m the original serw circuit. Nate that the lauli may he in the 
Circuit or tunit Invoked. far example, t m.LV be a Eault in Ihc 
reviver or servo; or |n the winng between receiver or servo and (tie 
respective plugs and tactels completing the connection between Lhc 
two; or in the plugs and sucke t s themselves 

Note that this met hud of substitution cun be used for twith ground 
and in flight cheeks. In the latter case, if the fault occurs m a main 
control service, a servo from a srcunditry service can he swbftituied by 
chinning aver plugs. Thus throttle; control, For example, could be 
sacrificed to chock out 3 Rjddler servo, limiting. the ermine run hy 
reducing Lhe amount of fuel in nhetarik and presetting the throttle to 4 
suitable position far sufi? Tying. Alternatively the pitot may prelw to 
sacrifice aileron control in check out Lhe ruddei Servo. It is generally 
iidyisablc lo leave the suspected faulty fervo unplugged rithcr than 
couple Lhrs to The 'sacrificed' service in order lu maintain some degree 
of movement of [his service. If the fault present is one which Ef in the 
nature ul a short circuit, drawing high current, the batteries could be 
rapidly run down, 

I-lulls isolated asoLeuring in lhe receiver, nr a particular servo, 
require that the unit b-JWnt back to the manufacturer, or specified 
service agent, I he same applies La servos which art SuspacUsd of 
developing a fault, e.g. lunliiiUc to operate normally but are developing 
a rough noise when operating. 


rrie hisdi wlrift liyuui still makes a 
CShhJ 'Lriinci' roc feinting tu Dv 
|;iij|Mji;itin,i.. Ufij.I’rcrs tan y,;j vLniy/iL 
Lu praporlpunjl moduli - hu! the best 
mclPifid of IhoiIoi to Hy is to tw 
t^ufjhl hy an c <|*riMined pilal, 
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15 AIRCRAFT 

installations 


A complete installation involves the following items: 

Receiver These items are in tercannccled 

Batteries electrically by wtrefijj. usually 

Main on-off Twitch emp laying plugs and sockets 

Actuatorfs) 

MechtmfcotNnkogcs connecting the actuator output movement^) to the 
appropriate cunnulh). 

Movable control Q.R. hinged rudder, elevators, aileron, motor throttle 
arm. 

Receiver jfld li-acterles arc normally fitted into the forward part ol 
tbc Fuwiafii:. The batteries should t>E mounted to front of the receiver, 
so ihjL in lhe event of a crash they cannot he projected forwards to 



strike I he receiver and damage it. The receiver should Lhus be mounted 
behind the front main bulkhead; and the batteries in front of this 
bulkhead, rigidly sup par ted against displacement m a forward direction. 
figures !5.1 and 75.2 show typical installallon positions. 

Batteries art rugged and can lx; fairly rigidly mounted. They should 
be strapped together with insulating Lapcor servo upe to form a single 
'pack', which tap then he wrapped in foam rubber and slid 'run a 
match ins Sire compartment, so foamed lhal they cannot move or drop 
out. Any movement Cuuld Strain, and possibly break off, wires 
connecting the batteries to the rnl ul the circuit. 

In The case of nickel-cadmium batteries, battery installation can be 
' permanent , wiring lo a socket mounted in the fuse lap side lor 
plugging in a charger. If It is pinferred to remove the batteries Pdf 
recharging, of dry c#Ns art' used which mud be replaced frequently, 
access must he available lo the battery compartment for battery 
removal and replacement. 

The receiver is normally lilted wuh a rectangular metal case. This can 
be wrapped round with foam rubber held in place with rubber hands 
To Improve 'isolation mounting', the compartment into which il fils 
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15.J Wi [h mcide-rn prop-orl Icmal 
«hi cro-i, aii ret wrvo* are instaHu if in an 
airufaft luieUgE Mountlfii un be 
udB-bv-firtr, or lirosn, ai -thmvri. 


TvpFeal inssa'l Intel on with wrvn? 
moudicd j-jh tray. Nuic fuqm pickiriji 

irnijrd retcivcl. aha canfrn l l!n-kifi*s. 


un also be lined wilh fuum rLEbb-c-r. the fit should he LighL enough in 
prevent movement ol the lecefviT, Of (Jisludgcmenl in ihe event of ,i 
Crash, but not SO fight thul the loam rubher is unduly squashed and its 
vihfj-il ion isold lion properties ImparredL Whether the receiver is mounted 
vertically or horizontally IS largely immaterial except in the case of 
reed type receivers (see Chapter 9 }. 

Actuators ire mounted behind (he receiver, the manner of mountunu, 
differing whether escapements or motorised actuators are involved 
[ieiuilcd requirements nr* described under wparalc he.utinfp, following™ 

The main on-off switch cap. be mounted on the vide, top or bottom 
uf the fuselage The mrin requirements aro lh.it it should be easily 
accessible (but not in d position where it can be decideIItally knocked 
on or off); and also located in an area shielded from the exhaust of the 
engine on a powered model. 

Some modellers prefer to Hi the on-ufl switch inside The fuselage 
where it is completely protected from dirt, oil jnd moisture, with the 
movement Opera Lnd hy an extension arm such as a length of wire 
emerging through a rub her grommet to the lusel.ijp! ihfe. 

Most modem proprietary radio control units are prewired to plugs 
and sockets. Ihc orwiFF switch is preumnetted to ,1 wiling harness and 
thuv the whole system can he connected up simply by plugging 
together, This is to be preferred to integral wlring as it enables 
individu.il units in the system to be Unplugged and removed, il 
nfCfliUfy, without having to unsolder wiring tonrWH.Lions. 

All wiring runs should be left with plenty of stack, bur cabled 
together and then sec ttrt-d at suitable points |e.g,. dt intervals to the 
fuselage side, leaving a generous amount of slack at the ends of wiring 
nuns. | Taut wiring Lari cause connect ions to fail under vibration. 
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Ifi .4 I jshlnii wiring to ppBEivsr w 
SErvn -i'.r i-, Iru’uly icdifnlhSflde ll 
leaving j loop of fljcJf, 
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15.ti Unit form of IlnKase u^ed with 
esa ipimonL. 


Unsupported runs, or excessive end slack, can also causa premature 
failure of connections doc lo movement even to 4 ! I y causing a wire to 
become brink and break. For that reason wiring emerging from 
Individual units, including the on-off switch, is hest supported by 
binding to the unit, leaving a nominal amount of slack as shown in 
figure!5,4. 5some modellers alw prelcr to bind plug* and sockets 
[□Bethel as- well.e.g. with cotton, to prevent any possibility uf 
accidental separation and disconnection of the cireuiL. This should not 
be generally necessary with light-fitting miniature plugs and suckels. 

The aerial wire normally emerges from the receiver lose St a different 
poinL to Ihc main wiring. Again it is advantageous UJ hind the aerial 
wire to the case. Leaving j loop of slack- It should then be taken 
through the fuseUgv side, or top, In j direction at right-ingles lu, ur at 
least away from all current carrying wires' and LhcnCe usually back to 
the top of the fin A knot at this point, through which a pin car be 
passed to secure the wire to the Fin, completes the aerial Installation, 
leaving any remaining slack wire to trail- An alter native arrangement 
somcLimes adopted is to take the aerial wire through the ba t to m uf I he 
Fuselage and then glue along the bottom. 


Escapements 

Escapements arc normally mounted on a vertical bulkhead or 
sub-bulkhead ip the centre section of the fuselage-This provides .1 
reasonable length foe Lhc rubber motor driving the escapement. The 
longer the rubber motor length the more turns it can take, and thus the 
greater number ol escapement actions which can be stored by a Single 
winding. Forward positioning of the Escapement S also preferred since 
although this needs a long linkage to connect to the rudder movement, 
lhc -other end fif the rubber motor is in a position where it Is readily 
accessible for winding. Also the weight of the escapement is kept welt 
forward, helping balance the model, 

With a lightweight escapement, and a larger model, mounting the 
escapement well aft to simplify the rudder linkage may be attiactive. 
Such a system Is shown in figure Fi j. 

Escapement output movement ^ derived I torn (he cranked! end of 
the escapement spindle, sideways motion CiF the crank being 
transformed into rudder movement by the type of mechanical linkage 
coupling shown in figure f5.fr Metal wire is used only for ihe ends of 
such linkage. Wire end Fittings arc bound to a rigid section torque rod 
of light material, usually baba strip about 3/16 in. or !4 in. square, as 
shown, The weight of such linkage is carried adequately by two simple 
tube bearings one at each end. The system is light and rigid, both 
axially and torsion.illy. Alternatively proprietary linkages can he used 
insledd of a balsa torque rod, fitted with matching ends, or shaped wire 
ends Metal torque rods should be avoided tor long runs, however, 
because of their wnighl and the possibility Lhal they might bow 

An escapemen t tor driving an elevator movement can be mounted in 
a similar manner, t\g. immediately below the rudder escapement, with 
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fsupcirimti with fetch ekvator 1 jciiuri 
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tS.S Verllcal mounting Ql wajOdJirK 
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■Is own woperncflt motor and torque rod linlcn^i.- [,J thcdnvalur 
movement Note, however, LhaS .1 'kick, elevator" movement may be 
derived from a single compound escapement of suitable type («e 
Chapter 6). In this caw only 3 single escapement motor is required, hut 
two torque rods kith their respective<md linkage*. 

The use oE jn cfleapemerit fur driving .l throttle (.u-nlrol present a 
rather different problem. Logically the escapement should he mounted 
horizontally (crank axis vertical) 4Q Lhat crank motion can be taken 
directly forward as a push-pull action (figure }&8) This, however, 
seriously restrict! the length of rubber motor which can be accomm^ 


fiuocxif JVBQiFaoty 


C4M/TLL 


dated within the fuselage, and thus the number of throttle control 
motions possible from a single winding. Veriluil mounting of Lhc 
wCifwmem i'i thus usual, obtaining the necessary push-pofl movement 
" r '"‘ri ■' bellcr.tnk crsimilnr type linkage. An example of a linkage system 
whiiii can be used tu produce push-puti motions In a plane at right 
angles to the crank arsis are shown in figurv 15.9. ft is partial la rly 
important th;tt where belle ranks ire used in this fashion,, they should 
be rigidly mounted, but very free on thejrprvoi. 

An alternative Solution for motor Speed control is to use a clockwork 
escapement Which dispenses with the need tor a rubber motor to drive 
the escapement This pitnimiar type of escape meat is no longer 
manufactured in any quantity . however. 

Escapements ate generally mounted on a plywood bulkhead (or ply 
panel cemented to a balsa bulkhead), bolted in place. 1 he nuts should 
be lucked with adhesive to prevent them working loose under vibration. 
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1/16 in. plywood is-thick enough for small models, but 3/32 in. ply 
would be- preferred for ar^er models. The bulkhead should alia be 
braced lu the tywLagt sides with 'A in. square balui strips on each edge, 
both to prevent iht- bulkhead breaking k»* in a crash and La resist (he 
pull ij] Lhf wound rubber motor. The rubber motor cn mpr i scs i single 
loop (t«W> Strands! of either 3,' lfc in, or A in. ftet rubber strip, depend 
i rijjj. on I he type arid si« <jf the moloi. 

1 he number of turns such a motor can be expedit'd to accommodate 
is: 

3/1 (, in rubbtri 60 turns per inch of motor length 
A in rubber—50 turns pet inch t?l motor tengtli 

Thus a 1 3 in. kjngloapof % in. lubber would take 6FKJ turns. AC 
kj.it SO per cent of ihese tan be regarded as 'ij^ihle' fur powering the 
escapement, nivmg in this case S00 rotational movements ■ ■ I the 
escapement, 

Two strand motors will actual IV take a greater number of turns than 
those given abuse Without breaking. However increasing 1 he number ol 
turns beyond a given point will greatly increase Lhe stored lotLjUr? and 
can lend to inconsistent operation of the escapement by causing the 
movement to bind or stick. For the same reason -in escapement 
designed to take a 3/16 in motor should not be used with a 'A in. 
motor in an attempt to get more control aperaiibg Force out of it. 


Moforfseti iiclmton 

MuLofim.iJ actuators are generally much easier to mount since they ^c 
usually in the shape of ‘boxes' with mounting lugiOtl the ha sc, or face. 
Linkage hook-up is also simplified since the mechanical output fa m the 
iocm of a disc or JTm with notary or semi rotary movement and it is 
relatively simple m align this movement with the plane ol motion 
involved. Simple rigid linkage can then I* used tD transmit the push- 
pull action. 



Servo imiiUauon and ipcuial llntagc 
lisr 'Lauoted 1 ' central. 
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Sidc-bs -,i,k imLj IjIi..: pi ul servos it 
liiicljcil wilh nvoit modern dim 
servos, irrijIcniKanncI and msilil 
•nsull jiinnii comairccf 



Thu mounting ,imJ coupling up of singk-chimnel motorised jcLujicif^ 
multi sltvcis and pr<>f^Cir!ls»N->iI servos jIJ follow the safim- principle, and 
generaFly employ similar linkages, Because or" thu-il relatively hifth 
weight (a rnoToriwd actuator can weigh more than -i receiver], servos 
are invariably positioned at or war the Centre uf gravity of the aircraft, 
i-C- in the fuselage uni siutiun. Where several servos are involved, this 
means that they 4hou.ld be |roup-ed together. At the same time they 
mu« he posh toned (u provide straight turn. lor the mechanical linkages 
they drive, to ordcF to avoid binding and, or. 'Fost' movement, 

Fhb consider,! lii in produces logical grouping for serveas; 

(1) with 'fore and aft grouping, servos should be m the side nearest 
I hr l. m trol they operate. T hut elevator and i udder yi vus Can be 
mounted bide hy Ode nl the rear, and the IhruLde servo in front in a 
group, 

(2f Pijs-h rods operating separate control* should tw as widely separated 
as possible to avoid possible collision', This can affect the optimum 
position ul the rudder seivo in a group when this also drives nose wheel 
steering, 

1 ypical examples Of grouping arc shown sn fiqurc The aileron 

servo is not shown since this is almost invariably mounted in the centre 
section of the wjpg. 

Once satisfactory grouping has been worked oul r actual posflionmg 
depends on balance requirements. I lie weigh i of up to three serws (or 
four in (he case of multi inctdllalions) can have J Considerable effect on 
the final cenlre of gravity position. Il Lhe model n completely 
assembled, including batteries and receiver, the servos earl be laid an 
tap of the fuselage, or wing, arul adjusted lore and all to balance Itie 
model il Lhe design point. II it is impossible Lu balance (he model irt 
this way, then it may be necess.UV to remove lhe receiver and try 
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1 S J 0 Typic.il |E[Y9 n! IcmOnn jnd 
link aye irTingEmEnl. 


15.1 l Uw oF sc I I -.ul n tuve servo rapri 
far mount-imiservos. Mole upt firitd 
bfiwieitwrw f-tar viluailon lioUrlon. 


positioning the Ser vos as far forward as possible, with the receiver 
behind. The positioning of ihc servo* 4and receiver, if finally located 
behind the servos}, Is. [her the rinal one for permanent installation. It is 
far letter to use ecfulpmenl weight, which ii.is to be carried by iln 1 
model anyway, to ,ithieve the design balance puinL Lh.m have Lo .idd 
deadweight ballast to achieve the same end. 

Servos may he mounted directly by bolting or screwing with self- 
1 lipping StreWS i|not wood screws) to hardwood rads secured 10, o' 
across the fuselage sides, resilient mounting being provided by rubber 
grommets. I his is lighter Iftan mounting the servos on a plywood I ray, 
which was favoured foi mulli-th-mnel servos. However, tray mounting 
is still favoured [particularly a* servo sires have got smaller, ami so the 
Slit oF tray i :in be ieduced}. i he ply tray can be glued In the fuselage 
floor, or bolted in ply doubters on ihu floor using grommets as HoLitlon 
mounts. Equally the individujl servos can be bolted to the trav through 
grommets, cir bondud to the I ray with a strip of Foam rubber heswcen 
the servo and tray. 

I his Jailer technique is now simplified by the availability of )W 
fop*!, which is Sponge plastic- strip material with a contact adhesive on 
bath sides, With close grouping of Servos, sponge rubber or servo tape 
■should also be used between Lhe individuals servos to prevent them 
touching L-aih other and also to make Lhc gmup mourning more rigid, 
Handing oF indi vidual servos tn the sides of the Fuselage Is a further 
altefnative, using the Barges! area face as the bonding surface and loam 
rubber or servo tape for isolation mounting. This is most successful 
with servos which are rectangular In shape and relatively narrow. 

For straightforward bonding of metal {servo case) to Foam rubber 
and rubher lo wood etc., contact adhesive is quite suitable, If ;i «TY0 
has lo be removed, bonded joints can be cut with l thin, sharp knife, or 
dissolved away by 'floating' ether over the joinl line. Feans lubber, or 
servo tape, which has been freed by cutting away should not be re-used 
by coaling with contact ,i-dhcs ve as its original uniform thickness will 
have been destroyed and Its vibration isolation properties impaired. 

Servos arc normally mounted with the output disc or arm on top. 
There is n-o reason why, if necessary, a servo should nut be mounted 
with the output dtac nr arm nn the side, and the plane of the linkage 
adjusted accordingly. In this Case the linkage to meeting ta the servo 
output must be fitted with a keeper. 



Suppression 

The crank arm □( the escapement rubbing m the wire yoke transferring 
(lie molten to live torque rod is capable of generating an electrical signal 
□r ‘noise' which can interfere with the receiver working, particularly as 
the receiver and escapement are usually clow; together in a single- 
channel installation. 

One method uf eliminating This possible source of interference rs Lo 
make the yoke slightly wider and slip a length of plastic sleeving over 
the wire. Jhe crank arm then rubs only against the plastic. 
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1JJ2 Two rrielh-jilt uf n.i’ninjiiinil 
‘r>olie r m bscj 3*mersg linkages. 



15.1 5 Method ^upprEfsing a col! 
with a d iude. 


15, u NmiS dlfk'tml rrvlii-aijs lif 

RjppraHing an aleLUk mninr, using 
L jp*d[Drs„ dicdE^, rrdi(tvs and rddlo 
frequency chokes. 



14ft 


Noise may, however* also be Funeraled by the rubbing action of ch« 
metal wire in its, front be-aring,. and so a rather more effective method or 
suppression is to electrically bond the separate metal movements of the 
escapement This is done by soldering a 'pigi.iil' oi flexible copper braid 
between the body ol Ihe escapement and the linkage end fitting {figure 
^J2), Thts will ensure ihaL ait the contacting metal components In the 
complete Jront end linkage are effectively maintained at the same 
electrical potential, and umnoi therefore produce 'noise'. Similar 
hooding should not he necessary at the Lai I end linkage ,15 this ii remote 
from any maRnelje Field, Jrtd rrom the receiver, 

The actuator Util can also he a source of noise under certaih Circum¬ 
stances, although this is not ususal with escapement colls. A probable 
cure, when I his docs occur, It to conned a diode across the coil, as 
shuwn in figure } 5. U, It ii Important to conned the diode the right 
way round* he. the + end or red end To the positive battery side of the 
coll, 

Suppression Of motorised axtuotom 

Simple electric motors. such as used to power motorised actuators, arc 
inherent spark generator* at the commutator and thus a source of 
elcLtric noilse which can Cause interference with the receiver |[ is 

that motors he suppressed; and even (hen motorised actuators 
should not be mounted close to receivers, unless Ibis is Unavoidable. 
Some receivers are more sensitive In ‘noise' than others, even to the 
extent of being unsuitable for working with suppressed moloribed 
actuators. 

The simplest method of suppressing a motor is usually La corned .i 
capacitor across the motor terminals (of better still directly across the 
brushes) to act as a. spark ijucnch. A capacitor value of ill to .05 
microt.irads cS generally suitable Rather better results may he achieved 
by using LWD capacitors, one connected to cacb brush, with the other 
end in each Case earthed to the casing ot the motor. 

Instead of i single capacitor, a resistor urn also be connected directly 
aomss the mutOT to provide suppression. This needs to be of suffi 
ciently high value, relative to the motor coil resistance* to avoid 
'starving the motor ol current .47 ohms is a typical value. 

■In severe cases of motor interference ii m iy be necessary to ko «■ a 
more cLahorate form of suppression. Stirling with a single capacitor 
across the brushes, and adding a 70-1 0Q microhenry choke in each lead. 
A second capacitor can then be ndded. if necessary, across the other 
side of the chokes. 

Proprietary motorised actuators and servos arc normally adequately 
suppressed, the necessary compressor components being built into the 
unit. 























































ftKiraelatile urdrrcMrtJtgt unll^ really a 
special (ypf of actuator. 


15,1 fi Wire end fltHn|t for rigid 
pushrtMH- 



APPLhfif f * fl[N[i 1= of servo iniUl |J LlOfl 
stiowinE mixture of rtifjn,- auipui and ■ 
ipuUi-puN servos. 



Rudder and efevator Bpkagfs 

Si-fvnif 11 'uy have: a rotating wlmd, FOl Jlting 4rm„ or sliding arm output 
motion I. sec photos}, Tin- lormer two are known as ratary I output) 
servos, and the latter a push-pull or linear (oulpUll servo. In all tabes 
the linkage to rudder or elevator movement is Lfic same a rigid rod 
with suitable enJ rittlflgb For pivotal mourtlilUL to the servo output 
motion at one end and the rudder or elevator horn at the Other . 

The rad, generally known us a push-rod, as lchti rnonly made a I la in., 
A in. nr square section balsa strip, cte pend mg on rhe length required. 
Light balsa of a larger section is to be proffered 10 d smaller section in 
hard balsa since si will be Si islet for the same weight. Prcpr -.el.it y 
push-rods are also ayailahlc in bath metal and plastic, with matching 
end fittings which usually strew on 

Balsa rods requite wire end 1 tilings, bound ifld cemenLL'd in place 
For the from («fTO end) fitting a simple righs angle bend is adequate, 
with the run of wire resting cm the tup of the wheel or arm in the ease 
Of rotary servos. Piano wire ol 16 swg. cr bicycle spokes of the same 
diameter, is the usual material lor making the end fittings 

To avoid any possibility of the wire CitLing beiog displaced and 
diopprng uul of the pivot hole in the servo drive some form i>f lock Is 
necessary, there arc two simple ways ol doing this. The wire Lan have a 
double bend uf ^^^1^' which automatically lacks in It ptBM when 
inserted; ora keeper bent from thinner wire can bi bound and soldered 
to the wire (/v^urer /5J5). The latter avoids the practical difficulty rtf 
making close right angled bends in Stifl wuv, and also makes the push 
rod easier to detach from the servo it necessary. 

A variety of proprietary keepers aic available,, moulded In plastic, 
designed to clip In plate Over wire end linings. Thtte ate islten used in 
preference to home-made keepers, and are easy to fit and remove. 
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IS.IB Alignment jnd clearpncci 
tkj ifiieJ un l„rik.,i|fe it srrvij (?nd. 



15,17 TvpstaJ rcar-er*d fitting. 


Scrvns mounted on a ply th»v, with 
plug ind sock* [ *Ir inji ciMnnecliani, 


The three moil important requirements For (he Fruril (servo) end 
lilt ins jre shown in figure J5J6. Clearance between (he Wirt' and hale 
Ml Which El ii fitted is minim.il to eliminate backlash (holes .ire usually j 
rtomJra 1/16 ifi diameter, wflich closely matches I 6 swg wife sue). Fu 
avoid binding the lop hi-nd must be exactly 90 degrees, so that the- wire 
moves parallel tu the output travel There must also he adequate 
clearance helwoen the bottom at the wire io^Id, or wire end and the 
fjL-e uf the seruo. Finally, the wire must be long enough so that in ihe 
extreme lot w*ud pusEikin there is clearance bclWL-tan the end trl [he 
push-rod and the s.ery 11 cast'. Excessive fficLiun will increase the bad un 
I He Servo motor, and the current il tfnws. Mol ions which tan urn up 
will stall tin: servo motor, wiLh Far more draslic consequences. 

The rear (con t ml surface) end filling, is also of wire and similar 
COPSi dilutions apply as regards bending the end and providing a lock 
lor il Co be retained its thiHudder or clcvalnr horn {ffgyr£-I5, t 7), 

Wire |e nglh will normally have lo be longer Lhan that at the front end 
lor the posh-nod has to be COnl .lined Within the tu-selage with the whe 
emerging from j slot In Lhc IuscIjrc: side. Thus a kink will have In be 
bent in the run of Ihe wire 10 main Lam internal clearance fur the 
push-rod iLhd line the end ol lhc wire up with the control horn Ihi- 
can be an acute- or right-angled kink. 

A righl angled bend is belter in practice tor this provides nwrc scope 
for adjustment ol lhc overall length of the linkage by lurther bending 
Adjustment 'll linkage length may be peceswry both for initial n^ing 
and also to adfLisl for any tbiilljjvs in the set-up. 

Alternative hole positions arc usually provided Oil both lhc Servo 
output and lhc control horn. Alternative positions L-an be selected at 
dth-cr, i both, «Mld(s} to adjust the amnunl nT push-rod luvs'l. Thus 
selecting an outer hole on the »rvo movement will Increase Lhe lorc- 
snd-aft travel of the push rad, and vice vcth: and selecting an outer 
hole in the control horn will decrease the anguLar dcfleclion "I tin- 
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Modern ip.-opunlohjl SfiFVH arc 
invariably prt-wired r<> j mutcl-piir 
P-Juij to coni'csl directly inio the 
iCLMSvur wiring tUflWSS.. 




15.1 H I |.:irri\ with typ IljI dEvk-lvpc 
end fittings-- 


conuel surface for the same push-rod mavemeni, dnd vice versa. All 
clearances for The win 1 end fittings and the push tod should be based Oh 
Ibe ti'imhinaLion giving the greatest travel, Le. the- nulerm-ost ho 3 e 
positiims dl each end. 

Proprietary cod fittings arc commonly based on .1 clevis or lotted 
end, drilled and Lapped fo screw onlr> a wire push-rod [figure I5.JX). 
The Ur vis incorporates its own pin and is mounted hy springing open. 

A keeper may also be provided (or Ihe clevis can be hound with thread 
once in position). 

The fact That a clevis is screwed onto the push-rod (Kindis adjust¬ 
ment of the effective lenj^Lh of the complete assembly hy screwing one 
kn blilh) Clevis end liUrngs in or out. Metal Uf vises arc Usually 
provided with a nut for locking the adjustment position, but this is not 
necessary with a nylon cloviv In practice adjustment is only required at 
oru; rod. and so 3 fixed clevis c.in be employed Jt Lhe servo end of the 
push-cod and dfi adjustable clevis at the control end. 


Euniji* i't serve p^Dupinc. with 111 L' 
IWD servers nq li?fI pqupM Id a 

liodtlnit lever for iiiiferpflll.ii or ‘irim 1 
movfn-tm (flat nstessiry whe mudem 
p «4*|>ui liuru'l Liluipmcnt, ±1 ‘trim 1 is 
available dire:Llv u a separate LOntrot 
rsipanscl. 
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F&dr WSrifOi rnCilirtlfd side Irv side in, s 
HIllHiE In a Pasolini panel!, 


IvfHcj Jiicrjfi niFtillitlon wkh 
prewired tcrvof and plug-tBfttfier 
tsnnteLlonft 


Whilst devises wam|<j ^pp-L-^ir to provide i better 'engineering y ilu 
tion thin Lm. 1 ni wire end filling* the? do hive certain disadv.;in1 H^es 
I hey cannot, tr>r example, he used on multi Of proportionate servos 
with wheel output*, unless they ire of specially long type to provide 
Lhu FH. l C«S,iry clearance with the periphery of the wheel over rhv 
complete tore-and-afi travel, Nur Ejn they he used on single channel 
actuators wilh eumplrtc rotary movements. A bent wire fitting is 
preferred, although this does not mean thal .1 ckvis tinnol be used at 
the control end. The other, lesser, disadvantage Is Lhjt clevises only 
mulsh wire push-rads, A long push'nod in wire can be relatively heavy 
ind also ret|uit H support ihmjj its length by runnipjj, through simple 
bearings to prevent bowing, However, clcvfsrt can he used wilh balsa 
push-rad s hy binding straight wire end I it tings to the balsa rod and 
tapping these to screw on i he clevises 





























'Noise'arid interference 

Exactly the tiimi corKidcraitefti apply as for escapements. Mitif 
to-mcidl sliding or rubbl ng wntatts can general* 'noise and inter¬ 
ference, A metal UcvH, therefore, should only he used In conjunction 
with .1 non-metallic control horn I servo output drives are non-metal lie, 
so the Mine problem docs not arise here). Equally, whilst a plastic clevis 
(usually nylon) can be used with either a metal or plastic control horn, 
sometimes a plastic clevis Is fitted with a mcLdl pirt, In that odsC il 
should only he used with a plastic burn. 

If .1 metal horn has to be used (e.g. throttle control arms are 
normally meiiil) in conjunction with a metal clevis (or metal clevis pin], 
the horn L,m be flLtcd with a plasifc bush to eliminate suppression 
Alternatively the linkage cant* bonded, as With escapements. 


Content iyjffii 
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li.lS fijiic ham isometry and 
jliRnmenl, 




T 5.20 Fnr wmnrrrieaJ rnnvcmeju. 
piLihrud mini br at rl£i-.c snuie 1 ; u> horn 
iri neutral pm-iion. 


1 he shape oi the standard form of Control ham is shown in figure 
f 5 , jg_ Detail itesign differs mainly in the form of the bast 1 , through 
which ihn horn is bolted or keyed to the rnnlfol surface. PVoprlstary 
horns arc usually moulded in nylon, which is the preferred maLendl 
CcmETol horns are also produced ifl metal, and can also be cut from 
aluminium sheet or ply- ^lelal horns (particularly aluminium I ar-.- 
generally to be avoided as wear can cause rapid enlargement , .1 rhe hole 
carrying the push-rod end fitting, producing a 'loose' movement. Metal 
horns [preferably in durall may be neccs-sdiy, however., where a horn 
has to tic tailor-made to suit a particular application. Sul, the wide 
range of proprietary moulded horns available covers most possibilities. 

Although a control horn is a very simple device for transferrins a 
push-pull motion into an angular deflection of a control surlaue, some 
appreciation of the geometry involved is necessary, ^u-r example, for a 
Riven push-pull travel about a central (neutral) position, the angular 
movement will only be the same in both directions it 111 the horn ss 
exactly ai right angles to the control surface; (2.1 the mounting poim ol 
the push-rod is In line with the hinge line; (3) the push-pull movement 
(4applied at light angles id the control horn in the neusul position, 

A control ham which is raked forwards or backwards, or displaced 
fore and aft relative to the hinge line, will produce unequal di* 
placements in either direction. Of a differential movement. I his can be 
eliminated by making sure that the horn is correctly 'ligned when 
fitted the necessity of cranking (tw push rod end is »toabviuUS 
{figure J5. 24-). 

Control surfaces with angled hinge lines present a problem To avoid 
the push-rod end correction binding the hole in the horn nwy have lo 
be made oversize, resulting in slack movement, which is undesirable. 
For this reason angled hinge lines (swept back or swept forward) arc 
generally H> be avoided in design 11 they -ire U&ed, c.g. for aesthetic Of 
aerodynamic reasons, then a special 'universal joint'or ball-and-socket 
erhJ fitting should be used lor connecting tP I he control horn. 
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15,21 Mam Fnr sp lit elf ViLuri, 


Split elevators tall tor the im of .1 special type of hom. nurmalfy 
called a split-elevator horn, an shown ir> ffgw t* ?5 2 fi The rigid assembly 
WSUrfl I hat each elevator hJls the tame mqwernenl,, hut il h importani 
[□ emure th.it half uf the elevator is exactly aligned with the olhfF 
when Initially fitting the horn 

A particular problem arises rm designs employing split elevators 
which haw sweplback hinge lints. A sp|I t-Eleysfrjr horn cannot bn 
tlirfd in this case, Enstead each hail elevator will have to be fitted with ,i 
horn at the inboard extremity, arid rhe end at the elevator push-rod 
split into parallel lengths, one connecting to each barn [figure 15.22). 


Ptnf. inM 



15.22 Amnpuneiic iteeuury wliti 
ipllt devaiors and swupthnek nr aiutled 
hinge hues. 



15.23 QciluJe n cable Optra tlen ol iirtp 
allciDni, 





15.24 SfMii and La pc hinge;. 

TS2 


Ctitfte movemen r.f 

A flexible cable tunning In a rigid outer tube can be used instead at a 
push-rod to transfer the push-pull movement of the servo to .lCOhlhul 
horn. The cable is thin stranded Steel wire (Bowden tableJ, lo which 
anv suitable type of L-nd fiiLing can be attached by soldering {figure 
!5'23). I he rigid outer tube must be non-metal I Ic to avoid noise The 
two lube materials used are nylon and PTFE. The fatter fs general[y to 
l>e preferred as having uansiderably lower frltUon. 

The main advantage of .i cable movement is That It does ml requite 
any internal clearance (except for the end movements), ind alto it does 
not necessarily have to run in j straight line. It is thus primarily used Ld 
control services which introduce more lortuouv runs such .as throttle 
Cunlrul, nosewhee l steermg, and aikrons.. kcan. of course, also be used 
lor rudder and elevator movements. 


Cdtjttvi surface fariges 

The Stitched or tape hinge has been widely used for control surfaces 
because of itifOOd strength and reliability, In ili simplest form the 
control surface and adjacent fixed surface arc bulled up flat arid then 
either sewn or raped together at shown in figure S5.24. Since Lhe hinge 
movement effectively pivuts ahoul one side of the [hjcfcnw and the 
other, the angular displacement has j certain amount ^ differential, 
although this is not necessa? ily significant in practice. 

This particular limitation can be overcome by chamfering tbe 
abutting edges of the two surfaces lo produce a definite, and single line, 
pivciT point lor lhe movement {figure 15.26). There i little to tboose 
between sewing ■;wiLfi nylon thread) or hinginfl wilh tape [binding tape 
or Cloth LjpcJ on the score ol satisfactory hinge action, strength and 
durability. The main thin# fs tu ensure that no glue gets into the hinge 
fine *hen assembling lhe two surfaces aM Ids will vtlMen the jclkm and 
can also weaken the hinge materia 1 by making it rigid 

Much neater hinges, again of simple form - can be made uslnfi thin, 
flmcibk 1 plastic sheet material asm Inserted kaf hinge, Polypropylene is 
rihe Ideal material In this rc-peci with good strength and flexibility md 
indefinite resistance to fatique, however many limey it Is Hexed. 
























~T X ;l 



1 5.25 Pliaiic Ipcly [fropyltnrl hlng« 
Hiring. 



15,3*1 With centreline hlrigtl [he 
□f [he Fined jnc mnvjble surijert 
jhpuFil be chamfered off, 



15,27 1'i.imi. lilrri i. h>-:! for maklne a 

'tap' hinpF. 



15,5-8 Wii e - ir L r - lu In Wn^. Mcul luLK 
le^ured In pliLr with suljh oi nylon 
nr Tape cct cti: . 1 i: Id !hc li*.«i£ ivfllice. 


Wire-j'iil-tulK '! ■'•KCV on yilcfpn*, w-rh 
.ikiun servp j-iJ IlhfciiSt-i- 


The bin#* material is used in ihte form of i smgle strip, of serif* of 
■shorter strips, insei red into slits, as shown in figure 15.25, Since 
polypropylene rs difficult to glue, the hinge strips should be keyed In 
place with mi.-:ii] dowels, ,-is shown. It can also be stuck with contact 
adhesive, but gluing alone should never be retied upon to sc-euse A Strip 
hinp; of this type. 

The oilier important thing is to ensure that the hinge ime is tight', 
i,e. Ihere i*no physical gjp bridged only by Lhc hinge material. This will 
result in uneven movement. Of even ad low lhe control surface Lo flullci, 

Proprietary hinge strip material and individual leal hinges arc 
produced in polypropylene, nylon and 'Mylar' |polyester \. 

.Same of Lhc plastic film materials used for Covering model aircraft 
arc also suitable For mating simple hinges. These are too thin to be 
used ay inserted leaf hinges, but tan be applied for making top or 
bottom hinges, or in place oJ L.rpc for conventional tape hinges, as 
shown in figure 15.2 7, Top hinges are the usual method uf mounting 
ailerons. Elevators cdN also be lop hinged. Rudders are always centre 
hinged. 

Mechanical hinges are, ■ if course, another solution., Home-made 
hinges of this category are usually of wire-and-tube type, typical 
examples being shown in figure 7 5 28. These arc by no hiedlrtS as widely 
Lrwd as sewn or tape hinges, or inserted leaf hinges, except that they 
iruy be preferred for indivttkal applications part latterly where An 
jny;t hinge lips is required. 

A psopcrly made mechanical hinge has less 'stiffness' than the other 
types described and thus Can be advantageous where only low actuator 
power Is available, e.g. when using an escapement. Numerous types ot 
proprietary mechanical hinges exist, Lhc majority of which are designed 
for 'inserted' fitting, L.c. gluing ,md pinning, Into slots. They are pro¬ 
duced in lop hinge (or bottom hinge! and centre hinge configurations, 
Proprietary hinges .ire invariably moulded Ih piastre and thus arc Ircc 
from jny 'noise' problems which may occur with mctal-lo-mc-hil 
mechanical hinges, 
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Tfault te linkages 



15.29 Slmpr* jelr-jcljuitinj thrclth 
puahrod. 



15 , JO Three oUier methods ur 
prci i'let <njc automatic knjHi jitjustn-rni 
on i throtiie linkage. 


Throttle linkage may be hasedun .1 push-rod or cable linkup, Twn 
problems .are Involved which makes u ihrallle linkage I equipment! 
differ From rudder or clevaLor linkage set-ups. One is th-if ihf path the 
liriikajic has in negotiate Is Hoi unrestricted. ThuSthr linkage usually has 
lu pass Lhruug.fi a main bulkhead, to ernergii in line wirh IT he thru! tie 
arm Of I be motor. This can favour lb* use uf cable r.TLher than rigid 
push-rod action. The other is that the throttle arm movement is 
necessarily adjustable to achieve suitable- 'slow' running from ihe 
motor Adjustment of the throttle stop- which may have Lo be re¬ 
adjusted from lime to Simc-will v-Vy the Lravcl available on the throttle 
arm. Thus it is virtually impossible to arrive at an exact linear travel 
required from the linkage, 

this difficulty can. be overcome by providing 'override' movement ill 
the linkage. The Simplest method is to split the push pull rod; or win- 
end, into two separate lengths, which overlap, They arc then bound 
together With a Ughliy lilting piece of Synthetic rubber tube f%Wi 
fS,2 ( J\. This tube couples (he two wires togcUiL-r by friction, hut shouldi 
the wire connecting la the throttle.,um be brought to rest |> g, by Ihe 
throttle arm reaching ii;, stopj before the servo movement has been 
completed, the 'driving wire simply slips through the luhe. This is a 
preferred system for a progressive throttle control since Lhe response of 
throttle To servo movement is immediate on reversal of *ignj| (jnd all 
engines are most responsive to throttle movement over Lhe rirsl part qf 
the movement away from ’slow'), The slip action works ai bulb ends of 
the movement, it necessary, and This simple type of dip link is also 
readily adjustable for length. 

Other solutions to ihls prablcm af providing ,1 'slip motion or 
Ovei-r idu are shown in figure f5,30. In most caves the COhlps-nsalipg 
action if incorporated in lhe run tit Lhe push-pull lirtkjge. It can also be 
incut pore ted on the actual or itself, c.g. by using a separate arm fur 
deriving [he movement, bulled! to the servo output disc or output rniwt 
mem with a writ locking nuf and a spring washer, This is tightened up 
sufficiently tube ngid when the movement Is driving normally if.e, tin? 
arm moves with the sdvu output), but to slip should Ihr mavrmcm be 
brought tu a stop. Under this condition the arm remains stationary 
whilst the tervo output continues En move to its limit. 


wings at new ctMnmorily made Irum 
tnam plains, sheeted wUh tuba nr 
■*iarH u-nn- vf-DfCt. This pit tuff shows 
Ctlt out 111 centre lur aileron servo, 
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15.31 BdSk iii-ifl Jik’rdn i urn ml 
lUtkafifi, wiLhwrvu mourned in wing 

CEnlJE vecllan. 



IS.VJ DiMircnlijL jilemn raiuvcmftnJ 
ObtOirocd w.rh t>Flf-yc1 hcMcrgrk, 



Sw'Vfl! 

nMul 


Aruipfd *r* 
dHUiranl.pl 
rncNiwr^ 


15_53 I nk,i(jt p fcrf QgjefalJnj Hfip 
alhiriwit, 



15-.3-1 AScee naiku method ot opcraunii 
ill in jilEEOrtt vti Quwdfin LdbfiS In t -;.-:. 


A Her Oft linkage 

The typical arrangemcnl for aileron linkage, with conventional inset 
ailerons, is shown iri figuft J5.3J The -servo is mounted in the wing 
Centre section, transferring the oulpul movement via win. 1 push-rodv 
each side to a bcllcranti.. Movement is then taken -ill I the other arm. of 
the bellcrank via .1 short pushr-rod to ihe aileron houl. To ptflvenl Ibc 
Ions wire push rods from bowing under 'push' moliu n s the y tori fee 
supported by small bushings inserted in the wing ribs at appropriate 
intervals. 

The system is quite straightforward except for the tael thit ailerons 
require a (ffffarenttof rnovctrienl, that »s substantially more 'up' than 
'down'muverminl. Thus typical maximum movements required rnav bp 
30 degrees up and 20 degrees down (see Chapter 17), 

The simplest wily of providing differential movement is to apply the 
principle of 'rake' to the movement (see sub-section on Control Homs! 
This can he done by using a belie rank which has the arms At tan acute or 
obtuse angle, rather than at 90 degrees, it docs not really matter which 
type is used. Thii merely affects the way Ihe tH'lkranks have to be 
mounted to provide maximum movement on 'up', which in turn is 
governed by whether the control horn is on (he top or bottom of [be 
aileron. Figure 15.32 should make clear the two combtnaLions 
possible. 

The angle required on Ihe bellcrank arms can be calculated from 
bask gei>metry 1;o provide lhc exact degree of differential required. 
However, ihis Is only a design guesstimate . Angled bellcntnks arc 
available as proprietary items with cither 6f) degree or 120 degree arms 
as Standard r hew will provide till [lie differentj.tl normally required on 
aileron movements. 

strip ailerons arc easier to link up since uhly a short run is required 
for the push-rods, and the horns can be in the form of a half ol a 
conventional 'split elevator' horn {sec figure f$, JJ]. Differential 
movement in this case is obtained limply by corinccling the push rods 
to the servo wheel either above or befow the normal neutral position, 
depending on whether the horns arc on the lop or bottom I f libs IS not 
pnssihlc, it tor example the servo lias a linear {push-pull) output 
mu Yemeni, then differential movement can be obtained by raking I ha 
horns. 

Bowden cable controls may he preferred to push 'ods for the aileron 
linkage, in which cave the pivotal movements are I ha same and only the 
'run 1 of the linkage is affected. and usually simplified. Cable controls 
are generally used with strip raihef than inset ailerons, They have the 
advantage over push-rod linkage lhat the horn can be moved uU [buqrd, 
so that the hinge load is more balanced {see Figure J5.34\ 

Flaps 

Flap movement required is considerably greater than that fur other 
contra] surfaces, c.g. up tu 45 degrees. Special servos are available with 
inc leased movements tor working flaps,, although j conventional servo 
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15.3S fv'iii. :! ft«p uji-iLiu! linkage 



13,16 Anyicd belle-rank for opDraring 
ipailer, 


SpailM irCT*^ff!*l 



Mn 

1S.iT Alternative spuiler mawmcni, 
workfd off S-idCway^ pusJi-pull rffhi 
move meet. 


tin !>e jusl .is suitable. A ffnear output versa should he used ihis will 
provide maximum movement with minimum ‘loit' (nothin J1 [he end of 
the movement. 

A typical flap linkage it shown m figure l$, 35, An 'override' ot louse 
link can he included to ensure [hjl the servo cannot be started when 
the flap Is raised lo its closed position. The only other mapr require¬ 
ment ns that Ih-c push-pul I movement must not over-ride ils centre at 
extremes Gf trawl To avoid I his it is usually necessary to rake lhe Flap 
horn forward at an angle of up to JO degrees. 


Sputters 

Spoilers are best operated with linear output servos wilh kMlger than 
normal Lravel The angular movement required with straightforward 
rush pull action is of the order of I 35 degrees, because of Ihe restricted 
depth .ivail.ihle to iL-LOmmodate the horn. inside the profile of the wing 
(see ffc/ure 15 , 36 } J.nndcwill! also be hi^h since the spuilers hase to be 
raised against progressively increasing air pressure. An over-ride or 'loose 
lint.' is required in rhe system to ensure tight closureoF the spoiler, 
when retracted, without Stalling the se«vu. 

A method of substantially reducing the kwd car ried by the sersu is lu 
raise or lower the Spoiler vertically, rather than rotate it about a 
Span wise hinge, in this case Lhc spoiler is located by pins at each end, 
free La slide in parallel angled guide sluts, as shown in figure 15-37, 
fush-pull mot it in from rhe servo is then directly linked loons end of 
lhe spoiler, the sideways 'pull' iw 'push to king ur lowering the spoiler 
s'crtically, respectively. The main load m this case Is the Friction of ihe 
pilis in lhe slots. 


lirvkes 

Wheel hiitkvs are invariably uoupled lo a main servo, to be actuated by 
a particular limit' position of ■ hat servo c.g. down elevator. Brake 
actuation at lhe wheel can be eleclrkal or mechanical, In the former 
case, the brake mechanism (normally incorporated in the wheel hub} is 
actuated by an electro magnet (ill so in the hub|. To apply these brakes 
it is only necessary to dose a circuit incorporating a battery [usually a 
separate battery because of the high current drain;. Thus the electrical 
brake cifCLjji is wiled lo a microsv, itch (nr any other similar Lypeol 
switching contact} which arc normally upen, hut closed by IfH- 
mechanical movement corresponding to down elevator. 

Mechani cal brakes may be of a simple Ineiion type pttSsinu, against 
the lyre of the main wheels, Ot built into Lhe hub of the wheels. In 
either case a 'puli' movement is required Lo operate (hem The usual 
method of obtaining rh's 'puli' movement ;s tn attach i length of nylon 
line tu the elevator movement, feeding the I ini- down to lhc uoder- 
urriage through a tube a other suitable guides to attach Lo the brnke 
lever [figure 15,38), Brak-ej are thi-n pulled on every time lull down 
elevator is signalled and release under spring ilClkm, allowing the nylon 
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line iq go vld.Lk su as not ta Impair opposite movement of the elevator 
«fVO. 

liolh electric hub brakes and mechanical hub brakes arc available « 
proprietary items (as pairs of braked wheels, complete with lyres). 
Mechanical brakes can also be added to ordinary wheels. 


1i,3i Typical servo j il lh .11 iu n and 
HnkJHif rurH, This is shown rat i 'nclki 
HKIHlatkm, A proportional imaallatlori 
would nen re-qulrf the clevnirw inm 
servo, jrnJ Hit elevator servo ilnti-igs 

would nun dirccL li> Mil' ck'-.iHH hom. 


Wtnttf stwrfrig 

\ ail wheel steering un be provided by mechanically coupling llw 
tai I wheel 10 the rudder movement. as shown vafigufi IS*M. This is a 
simple and diied solution which imposes very little cMra load on (he 
rodder serves. 



lituund steering control is much better with tricycle unde Carnages, 
Wliirh is the preferred layout for freelance dcsugns. In Ihis ease the 
nosewhcel is steered hy medianica) linkage taken La the rudder serves. It 
Is puce vary in this case, however, to introduce some form ol shock 
absorbing ink in I he me chunk il I coupling to prevent shock loads on I he 
nosewheel being transmitted directly to the verve. These loads con he 
t|Uite high, even In a normal landing, 
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Lrnest de^Bfoptocnl in mad«| pnwnr 
unlrj Is the WirilcJ rntary Fuglnc. This 
should htw particular advantajies rof 
rddiu tDn I rnt rpndf | t be* dust tfl [he 
vnKJL'tn ruJinldi £h-lfd.t[Lfuljci. 

Priulti. ru-n of mod. I Wanks I er,(j.inES «i, 
however, vL’f y Ifmiled at ^resent, and 
Hi*¥ art cOitahL^rahly mart costly iham 
£4HHffirulanjl dwwl or jlow moion. 

































16 R/C ENGINES 



The ilir . I x unLil iuls n!lv 11 -c mitral 
papular type of sports" engine [ft 
Britain, 



Claw tnr-ni-in, are RCfif-mlly prererreil 
tar all sues of radio controlsed monel 
aijerafL 


The small internal combustion engine developed for powering models 
generally described as a "model englm. 1 ' has i volvad in three distinct 
forms. Originally the only practical lt>rm was the ipufk-igtlHtort engine. 
In the posL-war yvanthis was SUporcedtd by the compression ignition 
engine or so-called dit$et f .irid the glow plug engine, more usually 
known as 3 i-jfow motor, Both these latter types have (ho advantage ol 
dispensing with the roil, condenser, cunUCt breaker ar-d separate 
battery needed wilh ,i yp.irk-ignition engine, and also proved capable of 
developing considerably more power output lor a given slit oT engiiw 
[main 1 1 , because they tan run at much higher Speeds), 

The rf/esff is a completely sot!-conLamed pOwei unit in that it only 
requires a supply uT fuel. This is an ohvious advantage lor model 
opplkalions., The gtavt motor is similar in that once running it needs 
only a supply of hud to keep running, It does, however, employ a plug 
(aglow plug} which needs to be connected to an external battery to 
heal up the plug element for starting. Once 'warmed up . the battery 
can he disconnected, when the plug element is self heating under ibr 
catalytic action of the alcohol-containing fuel. 

I he respective merits of diesels and glow motors need not be dis¬ 
cussed in dfit.! Diesels evolved almost exclusively In Europe, ,md Iheir 
sire or displacement is invariably quuled in cubic Centimetres (cc), The 
glow mol or evolved in the United Stales, and motor sizes arc Invariably 
quoted in cub-ic inches (eti in). Thus on the simple quest ion of avails 
tiiliiy, Luropcjn mod el leas mainly used diesels, and American modellers 
glow motors. However, it was soon found that, 5 cl was about the 
maximum practical size few a diesel. Above 1 thal it became tempera¬ 
mental arid 'brutish' to handle- in single-cylinder designs. In UlI the 
3,5 CC diewl subsequenlly became the largest diesel size liunufwturered 
on any scale. No such size limitation applied in i.hc case of glow malors, 
,'iftd since tlK 1 larger radio controlled model aircraft required more 
power than that provided by a 3.5 CC diesel, the use of alow motors for 
radio cun!rolled aircraft became widelv established. 

There are -I number of other reasons why the glow motor is generally 
preferred foi R/C work. 

\ I) Glow motors arc generally easier to start and adjust for smooth 
running since only one control IS involved [ihe mixture control or 
needle valve), starting and adjustment, is very much a mallei of 
familiarity, however. Model kis used to diesels can Find glow motors 
difficult lo Start and adjust at First, and vice versa. 

{2) Glow motors can be made in very small as well as- larger sizes, fn 
the case ol very small engines-under 0.5 cc the diesel tends to become 
very 'tricky' tu start and adjust (as well as La manufacture). Glow 
motors as small as O.02 cu in displacement (0.3 cc) can be easy La 
handle, The production nF very sm.dt giuw motors opened up new 
scope fur the operation of very small aircraft, capable of being adapted 
to radio control with ibe advent of lightweight transistorised receivers. 
(3f Although their operating speeds tend lo be higher, glow rrtotbfs run 
with less, vibration than diesels. This is a considerable advantage for 
radio control Applications, particularly with relay receivers. 
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One al the man common causes of'engine vibr.ition' on jircra-ft, 
however,, i§ in unbalanced propeller. Moulded nylon piopr-lk'rs arc nol 
rcDcisarily I’.il .m. ,'d. statlully .tn J dynamically, and an u nha I,meed 
propeller rotating at speeds in excess of 1 U,OLKJ rpm Can ncncralc a lot 
□f vibration tar more Ih-m that generated by any unbalance al recipro¬ 
cating parts in the engine iL it'll, Regardless of I he ly|H' of engine used 
therel'oif, prop>‘Ilers should always he checked for b.ilance and 
corrected if necessary by removing mu ter in) From .1 'heavy ' blade 
before being used on a radio controlled model. 

(dj Glow motors are generally more consistent ir: funning character¬ 
istics than diesels, particularly when the load on Ihe air screw varies* as in 
manoeuvres, producing a change fctt i pm. In rhe cast ul dk'Hils 
'balanced" running conditions normaI|y require a reduction in compress¬ 
ion letting to maintain smooth running when the motor speeds up, as 
in a dive. 

(5] Glow mujors are more readily responsive to speed control by 
throttling' than diesels. Tliui it is possible 1-0 provide J fully variable 
Tcspciiw: from stow to fast wilh a glow motor, purlieu Udy on Ur^r 
engine sizes Diesels are far more difficult to 'speed control largely 
bcc auic- oI the effect of a fixed compression setting as mentioned in 
f6). Certain diesels have been produced, however, with good throttle 
response. These arc usually slower running engines, with a main appllCJ 
Lion to marine mudel use. 

Despite their advantage for R/Caircrall. and the considerable 
expansion in the numbers of active radio Control modellers very few 
glow motors are manufactured in Britain, The main sources are the 
United Stales and Japan, whose productions ,nc distributed thrOLtghGUl 
the world and readily available Almost all the standard si/e ol glow 
motors (see Table 11 dcveluped around Tree night applications have 
tTteir R/C counterpart with throttle control; and most ul the larger u/es 
.45 cu in and above have been developed primarily as R/C engines 

Diesels remain the sLandard choice r.r nan-contesl-type In-f flight 
models in Britain, and so are also used for radio controlled aircraft in a 
similar category, both with and ivilboul throttles. Where imin; puwer is 
required than that rival labia from the Urge it production size oF diesel, a 
glow motor must be used. This covers virtually ali per lor mane c Lypc' 
radio controlled aircraft. 

Diesels, however, remain strong.lv laboured lor marine mode-1 power 
plants, where ihcir tougher and more rugged conslrudion iv an advan¬ 
tage, and throttled performance is not so critical. Only comparatively 
recently in Europe, have water-cooled glow motoi s become rwdlly 
available m a wide range of sizes. 

1 he spark-ignition inajne, too, which virtually disappeared as a 
fpuil-.'I aircraft power unit In the 1940s maintain! a following for marine 
models, It offers an extension in size., and thus power, not readily 
possible with a diesel without guin^ to mulli cylu der layouts, and 
extreme Flexibility of control. It is by far the easiest type to which 
speed control L.in be- .-deled. I nit cud of throttling the mixture supplied 
to the engine, smoothly variable speed control tan hr produced hi 
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EQUIVALENT SIZES 
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31 
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-49 
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1-5.1 Throjl upe-nlng an Ihu vurlLuM 
inljke ii controlled by Ihe ptuilitin □( 
Ihe LhruHli: tunrl 



fouling the contact brciikc-r in .idvarccor retard the spark timing. with 
,i fixed mixture setting. Some Larger spark-ignition motors, however, 
may be designed fur throttling vi-i d carburettor control, working, on ,t 
sinlil.ir principle Us Shat of a larger inlcrrul combustion GisRine. 

Spark-ignition engines are still piuduced, in Hrriitu lI iiurtlbiiS, in both 
two-stroke and four-stroke versions, Model dicsci and glow motors arc 
invariably Iwn-sErake engines. 

Ther l" Is virtually no difference between nn aero undine and n marine 
t'liHine-, except lor codling. Uie basic model has-a finned Cylinder md is 
air cooled by the slipsteam of a propeller, i.e. as an aero engine 11 l-jI 1 
be adapted tor, or produced in, a marine version by replacing the tinned 
cylinder or cylinder jacket with a water-cooled jaetel. In some uses 
with glow motors the crankcase is also cooled by a acker, but Ehre is 
not now usual In the absence of the fly wheel effect provided by a 
fairly large dam-etcr propeller, marine engines must necessarily have a 
solid flywheel mourned on the crankshaft The drive to the propeller 

shaft ps taken off a suiLihle coupling at the Irani ol I he flywheel 

(actually the back of the flywheel when installed, since a marine engine 
is mounted ‘facing a 11’ in a rn.lt I 

Adjustment few marine engines is rather different sihee the engine is 
nor mall y started wiLh the boat duL of the water and Lhus there is very 
lltlk load On |3 iu strew (ihe flywheel dues not produce anv 'braking 1 
had| When the bj.H is rot in the water, the load is increased considera¬ 
bly since the screw is now rotating In a more 'solid medium This load 
Will decrease again as The model is released and accelerates up to normal 
running speed, Variations ip load from 1hf?nnn will be lest Khan in the 
case of aircraft. Initial throttle ad|usLmerit with the boat out u! the 
water is purely nominal, with a rich selling, merely to get the engine 
running continuously. Ehe mixture is then readjusted carefully when 
the boat is pul in the water, allowing for ihe further 'leaning out' effect 
of the increase in speed when under way. 

Speed Control in llie case ol diesels and glow motor is achieved by 
varying the mixture. The usual method IS Lu employ a barrel-type 
carburettor replacing the normal plain lube Intake TtU' barrel unit is a 
Cylindrical ‘plus'’ mounted at the ih/ual of the intake lube, drilled with 
a large hale so thai rotation oF the barrel opens or doses the effective 
opening ul the throat [figure 15. 7), 

In Other Words Lhe position of the barrel controls the amount of ,iir 
drawn through the throat and flowing past rlie spray pi ir through which 
luci is led, metered by the needle valve. For a lixcd wiling ol Ihe 
needle valve the mixture of air ,md fuel can vary from very rich (barrel 
Opening dlittCrfl closed) to maximum lean (barrel Cully open and nee die 
valve setting |o match) 

The latter condition corresponds to normal (unthrnltreri) running 
,md is easy ra adjust thu mixture merely being leaned out (by screwing 
in the needle valve !u an optimum point, giving maximum rpm flu,' 
only thing governing rpm will he Ihe load produced by the rotating 
propeller. I his will be a maximum when the model is Mark bnl will 
decrease, and lhus the rpm will increase, when the model is airborne 
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Rtir mounted Wrentl* jtur 
induction |-nrti els Vilvrjsjde, 



ThruiLlt jjm chi a dignity dlfretini 
type ni r-tar mmjnled Intakc. 



Typjcal 'front i alary' Mellon 
throttle, fiaufe un rlftii t shanH tvflkal 
throttle linkage, 
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(Lhr effect an marine CflgirKir 1% ditfcrcnl and will be described Int-C-e | 
The • nit ini I {sialic) adjustment of the hnedle valve must alloy, lur this 
i.c. be slightly oil the rich side. In allow Ihe mixture to lean out' as the 
fpmgoes up hi flight 

To slow the engine under any condition (sialii ar in flight), tlu- 
b.u)-cl valve is rotated to lichen the mix hire This will induce four- 
stroking instead ol cwo-stroltFng, and fichening the mixture can con¬ 
tinue until Ihe engine is completely lom stroking and <in the point of 
being choked by the excessively rich mixture. 

The limit mg speed lor slow running if thus Ihc richest mixture the 
engine can Jake and Still continue running consistently, and respond 
without stalFmg to opening of (he throttle and leaning nut the mis lure 
3 he limning I.iwer speed m.iy be as luw ,|> 2 3000 rpm, with a mcixi- 
mum speed ot Lhc order of 10-15,000 rpm. or (he range may he much 
nanower. The response to intermediate [brattle settings may alsu diller 
widely Some engines will have a progressive response to throttle 
opening; others may only be happy running slow or fast and generally 
ineonsiitem at rnti rmt’di.iti*- throttle settlings, This depends oil the 
design of the engine, and in particular the design of the Ihrutlle. 

Individual barrel throttlw vary a lot in detail design, The usual 
method of slaw speed selling Is adjustment of a stop controlling the 
degree of closure of the barrel valve opening, An additional 'bleed' 
ad|ustmeat may also be provided for fine se EL ingot the slow running 































16,2 Simple tync nf (H'-ntpctd 
'i linn lie' nnw link used. 



mixture. The spraybar may or may not. rotate with the- barrel. This 
d^in tan -irfocl (he law speed running characteristics. A fixed «pray bill 
is to be preferred 14 this means Ih.Hi (be fuel tubmu, attached to the end 
of The spray bar doc-5 not have La Lwibt' wiih the (brattle movement. 
Rotating spray bar throttles need foet tubing which remains lulls 
flexible and many types oS tuel tubing get hard .Ind rigid under I he 
slight chemical action of The fuel flowing through the lube. 

Respond tn inter mediate throttle positions tin niten be Improved, 
part icularly in the Cave of glow motors, by mechanically ccuppEinc; in 
exhaust finp to (he throttle movement. As the throttle cJqms, so this 
Hap also progressively closes and blocks off the l- ski ml opening. 

Back pressure is thus applied 10 a«iit in slowing the engine and provide 
i marc graduated form of speed control. 

With the advisability or even necessity cH lilting silencers to model 
engines to reduce noise outptll, the coupled throttle .and exhaust lap is 
now less used, klain advances In speed comros hive been in the detail 
design a I the engine purling, and development of highly effective 
bin el type (uf similar) car hurt-Liars. tn the case of engines designed 
specifically lor radio control aircraft, minimum speeds ol the order df 
2-3.LHMJ rpm can readily he obtained hy rcductng normal maximum 
speeds to the order Of 1D-I2,u(tt) rpm, Instead uf the 15,000 rpm plus 
which might he realised hy comparable Tree flight' engines i his Lan 
life) result in improved Intel mediate rhrot I Id response tn general 
however, this will always be non-linear. I he maximum speed ch.rngi 
wilt normally be realised over the first part of the throttle movement 
away from 'slow' speed. 

Throttle CurTlroli are actuated by a single movement, Usually 1 h. 1 t ..il 
a leyer attached directly Lu Ihe barrel valve (bee pbulus) The hook-up 
is therefore i|utlC str.light forward merely a push-pull linkage com Ha¬ 
ling Ihe throttle arm Lo the motor speed actual or or servo, ClerUin 
precautions die necessary, however, to 'rnakh' the movements rec(Liirt‘d 
{see Chapter 15). 

barrel type tin i-llies Can he applied 10 any si/c of engine. They are 
usually most cttceLive in the larger sices le.g. glow motors ol -35 eu in 
capacity and above) pari ECU Isrly is regards intermediate response 
achieved. They arc not particularly suitable tor (he smallest sizes of 
glow motors which tend JO have very high normal running Speeds and 
are not particular! 1 , consistent if made to run m lower speeds on rich 
mixtures.. 

An alternative type of engine speed control, developed in (he- earlier 
days of singlc-charwd radio, dispensed with j ihroCtlc control as such 
and instead employed two sepuiate spray bars, mounted one above the 
other [ttgi/n 1 16,2 1 E ,H h spraybfli had its own needle valve. 1 hits one 
WUld he adjusted to normal lean mixture (for maximum speed run 
ning), and the Other (0 'maximum rich' mixture at which the engine 
would keep running (slow speed running) 

To change frcrnl high to low speed, or vice versa, K was thus rwtes- 
sai y to switch the fuel supply from one spr'aybJi line 10 Hie other. Ona 
simple method of doing this ii shown in figure 163, Each spraybar 
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*uaui cqwHeibj op sl jJr models o 1111 

ui' u|i|Haliiliil>* I'JJ cumpiulely 
vnLltninp Lhe Engine, giving true sljHe 
nspEjr.ince w,rh n HiirnrriV nwKor fitted 
In front of cowl. 



S6.3 PlrUnit amt meciiinical 
Cl ing.e«ivtr' ^vaceijnn For o rx-ro-iln r»n 
nccdic valve 'throttled 


KlWml 



16.4 .41 Irr n Jtivs valve eytlem lor IM 
with twin ipruytnr*. 

1M 



lube- is Ml led with J T-pieee, to which tubing, is connected as shown. 

Thi' biota! speed actuator nqavcmcnt changes Ibc pn^itifjn i>f .i fell pad 
from Lhc end of one T-pi«e tube Fa the other. 'I he closed lube is scaled 
off, -Old Lhus th.lL spray h.ir can draw fuel from (he tank, t ht other tube 
is open, introducing iin air bleed into ihal line,. which means that no 
Fuel is drawn into that spniyb.tr. The nc-xL movement aF the acluator 
changes the lelt pad position, opening the spray bar orfgjinally drawing 
fuel and leuitlg the other spray draw luck I hus the engine ch.ing-cs over 
from high speed to low speed running, or vice versa, and so an. 

Supply changeover can be cun Urol led in other ways, For example, the 
T-pieeos and their lubes Cirt be omitted and very soft tubing used tor 
The two iced lines tram the Link to the spray bars. The actuator move 
riK'ni L| s|i (hell be arranged to alternately squash one lobe, I hen the 
other, blocking oil the supply in the 'squashed' line. This would need 
the power oF a motorised actuator rather than an escapcmcnl 

4 neater arrangement is shown In Oguff 16.4 using ,a simple How 
control valve in the fuel line. 

I win spraybar systems, no longer used as barrel-type throttles, 
are now widely available For engine-- intended for radio control models, 
with (lie advantage ».■ I requiring only simple mechanical coupling to an 
actuator, Barrel-type throttles are also mure cf fit lent and can provide 
spL-i-iJ control On suitable sues and lypesot engines 
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ExjJttple of IPIC ti'j r ri ichiicved in j 
ri'iJiJOrn radii] LDnlmllcil ci v inn ri'per, 
rhuLu Eidi* Muddler, 
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I 7. S Methods nl nuking 4 rn-uitel lly 
tuner an: E« rcduti 1 th? wdflg a«a 
amli'ur wifi ft ilHldtlWE!. 



17,2 ticneroui Uillrdril Is necessary tin 
i single channel alifctari design. 



I7J KfducuiB llic ilihedial |to make 
LliL model mor? re^ppniive \ rnml also? 
bf .i. .iMnfi j n led by induction in S irt 
are j . This irukts ihc liewfifi 
pruipurlirjrii mule crllk-U 


In Lhc early daysol radio cx>n1 1 I the mrsdcls used wen.' straightforward 
adaptions nf 'spurts’ type fret Might. powti models: high wing or cabin 
monoplanes The model? had lo be large, to carry the weigh! of valw 
teteiwfs and choir batteries and to maintain a reasonably low wing 
loading the span (and Shut Lhc Wrrtjarea) was often increased over 
normal free I light prnporttons. Thus the average rudder-only radio 
control model of (lie period had j span of 6 ft, or mure, weigher* some 
6-fl Ibv, but w .<4 reasonably slow flying. 

It soon became evident th»! this type of model had -I number of 
ffmftatiom, A relatively slow Ilyins *p«tl is a safety feature, but also 
limits the sUilablHty of the model CO fly in winds. The natural tendency 
will be fora model to ‘loseground" downwind in any tumor smil.ii 
manoeuvre, anti once this has happened the model must be headed 
upwind in a straight line to bring hack to the point from which is was 
launched- I he tendency tor a rudder-uriiy model In climb arid reduce 
speed aver the-ground with suih a Ifight path has already been 
explained fChnpLer III. Operation of a rudder only model whkh lacks 
penetration or the ability to Uy reasonably fast in an upwind direct km, 
is thus very restricted in windy conditions 

Tins led to the preference for clipped wings to mduce rather than 
increase area, and (Ims increase wing loading very much a compromise 
Solution sine* it made the model more tricky to fly and keep under 
control. A better solution is the adoption of an undcrc-lcvaled trim, 
which naturally makes ihe model fly faster, and climb lw, without 
having to Increase the wins loading. Bui this can introduce problems of 
Stability, especially when She model is displaced from M* normal 
sir am ill I light p-uh 

Thu other basic limitation of a conventicmal free flight design layout 
h that it iv fOC Stable lobe properly responsive To dlvplaterrn m l mm its 
not mill straight flight P>I t h by control move mentis), particularly as 
regards d/rec({om> control Iruddcr control). The bahiL answtr’ here is la 
reduce the dihedral of the wings, compared with normal bee 1 light 
practice, although this places a premium on the rest ul she design 
proportion* being right. Reducing the dihedral makes, for example, the 
choice o1 vertical tail area mere critical, ,uld the response to rudder 
movement more drastic. 

Normally a model without dihedral will be laterally unstable. Thai is. 
if disturbed it will tend Lo slide off to one side and ESOntiflue side 
slipping, without recovery. If no dihedral ns present, however, a rudder 
cm be an almost independent dircEiiiun.il control, producing turns 
without inducing. iOV bank. Such turns, however, will produce “Skidding 
sideways during entry and sideslipping on recovery. Adding dihedral to 
ihe wing produces d puwc lul banking dSect with rudder lurns r wiLh a 
corresponding tendency to drop the nose a! the same Lime as the 
aircraft is rolled into the bank. Thus a rudder-only model has to 
compromise between the least amount a I dihedral possible so as to 
minimise rolling into a bank and nosing down; and the amount r>f 
dik'd-.r that is/weroary 10 maintain sufficient lateral stability. 

The other important stability laclor Is the manner in which the 
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I f .4 rhr Ihrut axe? of USOWmeJII ut 
Jfl aeroplane tn flight. 


1 1 ii Pifi rht u'.i 11 ine s.h.ipo jfii>sv n 
iippmpte, I his tabto live* dihritrasinn? 
fnr designing and drawing up a 
fncKftf In- vjiiuus vi/e? from 20 M 
s-I'jii up to GO" if'-r; 


mo^cl responds in ihc/o// jnd pitch ,i?(es when bcjnjj maui to turn by 
the rudder. ttigciiwJy an aeroplane h.,- Ihncg j*l-s about which it tan 
rotate; yaw |ur turn), roll, and pitch {fkfurv 17.-}\. Displacement 
wound one jr.i e. will inevitoWy lend Lu produce sums' degree al r-ul.= lmn 
ubnuL the Other iwo. I hus rudder movement Will give disp-laeerTiL'nl 
.tlxiuL the yaw unis, inducing corresponding mfafkmS aruund ific rufl 
and pitch ukes Ideally Lhc aerodynamic ■Lharac.Eerlstks of [he design 
should provide for these react iun rotations being favourable, l.o. Hie In 
« bo pilch movement up or down in.t turn, and a controlled decree of 
roll. Unfortunately neither is possible with rudder-only tuntruJ.. I he 
■ lerudyn.-mic design has Ihcrcforc lu lim at reducing Lhese upl.ivo'Ui able 
rra-etiens to an acceptable level, when Ihe pilot can deal with the 
'unstable' rnu-wmenls induced by a rudder turn by suitable nuriipu- 
i .11 ion of the rudder control or by jdcfm,u, more control functions. 

The form of design layout and proportions which has evolved over 
the years as Ihe apiimum for singJc-chunncJ aircraft is shown in figure 
i This -is applicable to any size, proportions being w«ir ked out 
relive to the wing semi-span iSj as the key dimension. Values for 
these other dlmenwons, and olhcr general design recommendations, are 
summarised in ihe table below, 

Actual sin: can range from about 20 in span upwards. A 20 In -.pun 
model « .Iboul the- limit lor powering with Ihe smallest size i>f commer¬ 
cial iy produced glow motor, with enough wing area irwd power Iondmu ?o 
curry modern lightweight radio gear. A 60 in spun mode! is a haul the 
lOKiuil upper limit for lingle-chaprscl control. Performance is generally 
lost raI her than gained h\ making a «ngEe-chanrlcf m.idel targjer than 
about 4ft in spam. 

5m,ilf roodeJs have l he advantage of hieing quick and easy io cort- 
slrirci. cheaper as regards engine and niulerul cost, easier to I tampon, 
ancf less prone- io suffer crush damage ihuri largpi models because of 
their lighter weight, On the other hand, the smaller the model the less 
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1 f.S TSils- b Hit sl^sn liV™* 1 
csij'.i : ishtd Irv txdwltnse an she mLiit 
!U]ublf for tingle-thaiintl ilrcrift, 
Proper Llont 5*i»wn art applicable (n 
any i|jt. 





liSse. 

c 


xtifi nr 
CC 1 W -5 rnui MW 
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jwrr rt* 
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fl4Tf{ Arraa rnw 
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-aiitablc it is for Hylrt^, In windy wither because of inherent lack of 
penetration. Lar^r mivdcls are less critical iiiicgards Lrim, permii 
additional cunt ml facilities to be faKHporaled, fly rathe* better, and 
ctjc easier to control. 

Single-channel model sties, in fact, break down into sewn srotips, 
classified by nominal tpan size wilh proportions bated on ftfjtire J7 5- 
j(j tn ipat, Eor puwering by a .010 glow motor. Radio gov Tcbylnsi 
receiver and lightweight rtCdpefnant. Control - rudder, plus the addition 
of 'kick elevator", if this can be driven Ironi the escapement 
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28 in spun for powering by a ,020 glow motor Radio gear: relay less 
receiver and escapement. Control: rudder, plus 'kick elevator'. 

JS in i pun for powering by a. .049 glow motor or 0.5 ec diesel, Radio 

SS#r re Idyl ess receiver and Compound escapemml 'Kick elevator' qr 
etrvatnr trip mjy be added. 

«in spoti lor power! or by d 0. 4 l J glow motor, or j O 75-1,(1 cl 

diesel, Radio gear: relay-lew receiver wilh compound escapement; or u 
relay receiver and lighlweighL motorised .LLtujtor.. 'Kick elevator 1 or 
elevator trip may be added. 

4$ Itl Spnri I or powerIng by i .OS glow motor ur ] ,5 ti diesel. Radio 
gear: relay less or relay receiver. Compound escapement or motorised 
Actuator, respectively. Rudder plus motor speed via secondary actuator 
I his isa-su d suitable si/4- fsji pulsc-proporllonal control 
54 in span for powering by a J5 grow motor Of 2.5 cv diesel. Radio 
any single-channel type-. Motorised aC1u,l[ot(s| preferred. Rubber 
purs motor speed are preferred cone lots, with -scope fen elevator hr In- 
added. AUo surlablc lor pulse proportional c-WiITol. 

60 >11 ipon lor powering by .= ,29 glow engine or 3.5 ll diesel, Other 
comments n> fee 54 in spun model above, althou^jb the siae ii/ess 
suitabli- tor pulse pmportiOn.il controls. 


Singte'chonnel mode) construction 

Single-channel models in all the above siies normally employ sheet 
bdJsj fuselage sides, tqjj gmj bottom, assembled in the form of a 
rectangular ban. wish intermediate formers .tnd corner stiffeners, 
necessary loir:, plywood 'doubters' may be glued inside ihv nose 
seclion of the sides for .ufditional strength in the case of larger models. 
T.trl surfaces can also be cut directly from baba sheet, although built-up 
construction is preferred un larger sic-es, both to save weight and 
imprest rigidity. 

Conventionally, built-up construction is used lor wings. wiLh partial 
shee L covering (leading ed^esf in I ha caieof larger models. Several 
.lI tentative forms, of construction can be p«d, however, hut arc 
generally heavier. All yheet wings, using thin lop and hoi tom sheets 
separated by ribs and a tip-lo-tip spar is suruble for spun sires from 20 


With Mnijl-E chaiwsel «mtrul 4 scale nr 
iWar-icale madels Are virtually limiie-c 
iu hiyh wins Jaye-uts villi 
l>ry.er-[hart-SLdlu dihedral In y^vr j 
rwsdEi which is juimnaHiaMy srablt In 
ftlskt. 

170 































17.6 Manv sinuic-Lhjflfie! llrcrafl up 
fo 3tio«iL -IH nchev wlcisipail f Htt™ 
iIHlwel bjtu construction, MiHfel 
sJiowpi iDliuws tbo design prni)*rilon5 
□I Fig. 17 . 5 - 



in up to 54 In. provided the weitflt « kepi down by using light balu. 
^j nRS cu t 'in the Kilid' from expanded polystyrene aie >dvu practKJl rar 
model* t if about 3h in spar) upwards. 


Other mwtet types 

The above descriptions apply to functianof singlc-thanriBl radio conual 

models Various alternative and proportions art pwubh- F " r 

example, low wing or shoulder wfos posiUontas «n be 
jnd also, at Ujursc, stale models. In attempting, or adapting, sucti 
alternative design layouts, it must be borne in mind th.it certain 
perfornMncc limitations may appear in original designs. Also the b.isIC 


this table *um marine* 
rct 0 rnrn*r*l JlluHS for Llir 
IVfflEl nf can^Lfutnon 
mjiLlMC fnr rji:i'j-Lrjnirolkd 
mDUrl aircraft from 20 N lo 
W span. 
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requirement thji a single-channel radio controiled model mn-.i hate j 
voiiable rrwtrve ot nhcrent iree fl ight inability must be observed. 


Mi/ttf-thannef aircraft 

The mtnjmum size of mudel rejoined lo accommodate multi-channel 
radio is necessarily larger than for single-channel because ul the greater 
hulk and weight of servos involved, Thus around 54 in spar :s a mini- 
mum size far sex-channel working (rudder, elevator and throttle 
COnlFOll), with aruund 17 in span as an Liptimum for 'lull house' 
controls (rydder f (lev^ior-s, aileron arid throttle controls), Since modern 
proportional radio works tHJI lighter Lh.tn [he older reed-Lype 'multi 1 
installations, 60 in span can be rcRnridcd as i practical minimum modd 
hi?e to consider, although [he wing loading writ inevitably be oh the 
high «de, resulting in a fast flying model. 

There is also ail upper limit to size where aerobatic perform,mu.' will 
ajwin begin to deteriorate, because of the lack of engine power Pro¬ 
duction sizes of R/'C a ire! all engines stop at a nominal 0.65 eu in | TO 
tc) d splaccmenL althmJgh some mure powerful engines .ire produced to 
font the demands imposed by large models. Rarely, therefore, does on* 
hnd a functional (i.e, uyi oluiit} ly pc of R/C mode much larj^r than 
about rtfi in span. 

I he greater control COvt'tJgc offered bv multi' and particularly 
propoinun.il Ea a large extent simplifies ,iircraft design problems, 
Virtually any type of Piturafl tun be flown successfully with ‘full house' 
coverJigc (rudder, elevators, ailerons and motor speed), the anus lor safe 
operation then relying on the skill of the pilot rather than the MfG- 
dynamic characteristics o! the jircrefl The latter will only set limits as 
regards manoeuvrability 

Functional aircraft designs are, therefore, only produced for sped Ik 
purposes-the main type helnfi she fully aerobatic model. Others may 
be designed lor racing, or reu>i d breaking purposes The most popular 
lorm ul racing' model is based on a semi-scale appearance, for Hying uL 
low levels around a course marked out hy pybms aruund which the 
mudel has to turn. Tfk control requirements nl Pylon raters arc thus 
more limiu'd than fully acrobatic models and outline shapes are 
influenced, by scale requireroents, 




























Pro per [tonal jar 'mritj'J comcol, with 
Ujvera&e at flilJdcr, cIeyjISM, iHfiifOnt 
iii j ihrall lE, il ihc only al^mu.iIc 
idlUtlDfl For i raillll-<nKinEd model. 



As far as acrobatic performance is concerned, IN low wing layout 
hu EKQVEd ludf to ba superfor to all other ccmfiguraitens, especially 
with proportional coniroK Design layout and proportions have, 
iherelorr, become more or less standardised lions the lines shown in 
fig un- 1 7.7. Individual design* may show details differences, notably ir 
wins piatlorm shape and Eength 0+ fuselage, Parallel chufd wings were 
originally f,ivi• uredt. and also hive the advantage of being caster to 
cortsiruet, but Lupered planlorms are now common Theoretical reasons 
can be put forward to show a 'prefenefit* 1 for both equal taper and 
sweptbitk taper (*£. all Ihe taper on the leadmg edgej. A swept forward 
taper fi.e. all [he taper on the lading edge) CUrl introduce StabliltY 
pm b la ms 

The question of fuselage length, governing, the tilt moment arm, is 
also a fairly open one. Choice is largely a matter of the individual 
designer's preference. Basically a shorl moment arm should give I '^h,.L'r 
loops and more rapid response to elevator; a long mumenl arm -should 
give smoother elevator response but more elevator power I he Overall 


17.7 Typical dfsiKH proportions tor a 
‘muni 1 ivr proportional m^irt aircraft. 
Hart, though, thEie is much men* 
IkrrtLC tor altering diapfls and 

pjDpor llonSi 









































t \jmpfc rtf tdil C(H! l il'bhULLian using 

builLup t^Kpfjnt .i'i J (In. PuihrDd infil 
elevator linkage li alw wen. Radio 
MswtellBr photo. 
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pKcct, however, ie. modified by thr aerodynamics and rij^ing or the 
ITKideL Thus a short momenta™ is less critical, as regards trim; or 
equally, rather less responsive to fine trim, 

Since d model can he flown under positive control all the time with 
'full house 1 proportion*], any inherent stability In the design can he 
reduced ID i minimum, or even aero, invariably this favours the udop- 
tirin Of iero-iicri i rilling for the wipg and Uilplane, |,e t>olh wing and 
uilpljne set at 0 Jegrcos {figure i 7.8). This means, in effect, that the 
model has no reserve of tohgiludrnal iTihrlily and its attitude is thus 
Controlled all the time by the posit ion of the elevators, either by 
elevator movement or elevator trim, to ’line up 1 the flijjju path. 

Inherent directions! and hierai stability is still, however. required In the 
desiftn. The reason inr this is explained In the section headed ’Ailerons'. 


i I.S 1 Zeroed nu|' rigging On u ‘multi 1 
or prnpMtianai model. 


AKerna-thB constniciiun widely 
FqwMrre d is to cut tail part? from light 
quarter-tram al-.ee i tiaka. Simple rand 
rptkker Eu mike, hirt hegvlfi Kddiu 
Modeller phuI d. 
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Typical fuimiionst aemtuilt maflel 
layout fij r proportional conKuL 
CfilMf^S Iliw wing Ijyonlt arid LriLVule 
undc^arriagf. 


EtevQtar und rudder proportions 

Elevatcu and rudder .ireas of the proportions shown in ft jjwr£ i 7.5 art 
gcner.tUy satisfactory for dll mullWlahlwl modds, with the movements 
Indicated. Movement can be reduced, if response appears too drastic, 
hui should not he increased over the recommended figure. If maximum 
movements give less response than required, this may hr due to some 
inherent 'stabilising' feature in Lhe design layout, Of merely require d 
,mdll increase in control surface area. Although full movements do nut 
fttfi.g to be used with proportional control it is desirable that the lu'i 
movement should fid! produce more response than is required. This will 
avoid nuer-cuntrol being accidentally selected, and also produce the 
finest graduation of response ewer (he complete movement ol the 
contra I stick. 

It is not necessary toemptoy either aerodynamic or mass balancing 
of model control turl aces. The power available ffam servos is more Lhan 
adequate (o overcome aerodynamic loading as the control is moved 
from Its neutral position, i.c. no relief of loading by aerodynamic 
balancing is required, l he system should also be quite rigid so that, 

With good hinge construction, flutter is unlikely to be a problem. 


Aiferons 

lhe direct response Jo aileron movement is that an aeroplane is induced 
to roil. Depending on the a mount Of Micron movement, thre will put 
Lhe aircraft into a linked turn (or with more severe movement make 
the model perform 4 complete roll about its rolling axis). Movement 
dbout the rolling aids, however, will induce reactions in the ill her two 
axes. Interaction tun vary from very ’light «.g. the model performing a 
banked turn with Little loss of directional stability md little loss r ,: 
heighl to complete instability resulting from excessive aileron forces. 
The Latte I Is usually caused hy laLkordfreerfomJi' stability in the design, 
[ hus a reserve of dfreptbndlStoMity is an USSenLidl feature in any 
aircraft design, This is normally provided by a fin of suitable area. 
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17 .g T vpk.j! insel aMt ron pt JUDriicmi, 



17.1 D rvnif.ll Sin p aileron 
pro jMSrt Intis, 



*ull 


T'Ci^i-i 


I 7,1 I Dowr« j ik'tori -nuvfmer.t len^ 
tucicuu drifl., viwlna In-e model brico 

Lira uppuiiie direct I cm in th-r aligrcn 
induced lurn, 



S 7.13 Differential lilcron 

• mart up than dawn, 
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Lateral stability is governed largely by the wing dihedral, arid here 
fipin a certain reserve at' stability is needed to prevent slipping; develop¬ 
ing In a lurn, Afiain, too, dihedral must be matched to flh area, as 
sideslipping Will also affect directional stability. 

I he solution musr therefore be a compromiser enough dihedral to 
provide the reserve of lateral stabdily required, but not so much lateral 
stability rh.st the rolling action of ihti elevalors is resided Too little 
dihedral will rend to induce instability developing during turns Too 
much dihedral will tend to reduce the effectiveness of the ailerons as a 
control The ideal solution is to reduce dihedral, and thq% improve 
aileron performance, dp 10 a point where instability is iusL starting to 
show tip, This ;s ihen the limiting dihedral for that design. 

Proportions fur convenLlonal inset ailerons oh models tend to bn 
Similar to Lhore on full size* Aircraft, Thos scale ailerons sire, should bi 
quite satisfactory on d flying scale model, On Freelance designs there it 
HHTIC advantage ID be gained by increasing the aileron chord slightly 
(see fiifure I 7.9 for typical model proportions) The uclual aileron area 
is not critical, as movement it more effective lhan area in developing 
aileron forces. 

Inset ailerons arc always fitted near the tips of the wings, and 
preferably extended right out to the top, In the Case of biplanes, better 1 
response is producccf it both lop md bottom wings are fitted with 
ailerons of equal size, 

An alternative type at afferon which has proved popular on model 
ai«Cilift is the full spem strip uilcron. This is-a marrow chord section, 
hinged directly to the trailing edge of the wing, and [Meferably taped in 
p;an form Iron root to lip i figure 7 7,70). Better aileron response is 
claimed for this type of aileron, buL the main Advantage is the purely 
prdcLk.il one of a strip aileron being easier to make and fit. Experience 
has ultimately shown (hat as regards performance there is little to 
choose between inset and ■strip ailerons. I he strip aileron, however, 
dues have relher less Adverse yaw effect than inset ailerons, especially if 
well Lipe red towards the tip. 

Ylw as well as rod is an inevitable response Lo aileron movement. 

The movement of one aileron up, and that of the apposite aileron Lfnwn 
produces a dragging effect on the down aileron side [figure f 7, l {). It will 
also be appreciated from Lhis diagram rh u Lhc angle of attack of Lhc 
wing irp on Lhe down' elevator side is increased, and with excessive 
down movement lhc wing lip could be stalled. 1 he resulting loss of IITl 
would then produce a rolling moment in th. opposite direction In that 
initiated by the original aileron movement. 

To- minimise the yawing effect, and reduce the possibility of stalling 
the inboard wing in a lurn, ailtfrohs arc invariably operated with a 
different ini movement more 'up' movement than 'down' [ffgvre 1 7. FJ). 
Typical maximum values Are 30 degrees of up movement, and 30 
degrees of down movement. These maximum movemen ts are only 
likely lo be required for producing rolls, Turns can be Initialed wilh 
smaller movements. 

The leading edge of the Aileron tan also be shaped to provide lhc 
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same effccL it. diI krenli-ul movement iri offsetting ihuj adverse yaw 
effect. The Frist aileron is * typical example dF huw this tan be done 
The jLtcmn leading edg--: is bevelled, and live hinge fine moved aft, so 
that when the aileron IS 'up'a proportion of ihe section projects below 
the bottom of The wing surFace. The drag of this senium helps counter¬ 
act the tinged the J down"-aileron on EtlC opposite wing. 

Such complication of shape and hinge posiilumng is generally 
avoided on models. The simplest solution in the case nl inset ailerons is 
usually a top hinged aileron, wiLh enough chamfer or the leading edgn 
to provide the necessary down movement {figure 1 7. /.if]. 1 he gap al the 
bottom of the section in Other than the 'down' position is not likely Id 
he significant, all hough it can be sealed with an overhung strip fairing. 
Other aileron farrm arc shown in Figure I 7,14, 

The strip aileron is usually centre hinged, since it is mounted directly 
on a narrow depth of wing trailing edge. In This respect it can Stlfler 
from a disadvantage not suffered hy inset ailernnv Lf the Wing section is 
thick, Lhc airflow over the after seetton is likely (O be highly turbulent 
at almost all angles of attack. Asa consequence iltt 1 thin aileron section, 
is effectively 'masked' tay the [.hick aerofoil section in front of It, and 
may have a pour response as a consequence. Il may be necessary in such 
cases to employ a substantially thicker section tor the strip aileron so 
that it can conform to a 'complete' aerofoil profile (see figure J 7. !5). 




































































18 RADIO CONTROLLED 
MODEL BOATS 





Model baits need ft*0f services for complete functiomi rantral than 
model aircraft, Thus the primary control i <*rudder. Only one Other 
control is then m-'ceiJirty fur 'ciimptelc' command of motor speed in 
the uiw of i power driven boat, and of sail setting in the case of a 
model yachL There is also one other major difference from aircrafl. 
Response to control movement is slower and since a boat travels only 
ofl a single surface, over control or any interaction bvtwec-n eonlrals is 
not likely to have drastic consequences. 

Model boats cm be divided broadly into three categories 
{1) slow speed boats driven by electric- muLurs 

(2) high speed boats driven by diesels, glow motors (at spark ignition 
motors in the ease of larger hulls) 

(3) yachts and other sailing craft. 

There arc other possibilities, but these full into Ihe general categories 
of ‘slow' or high speed' boats, and control requirements are similar, 

Thus a ste^m-engmed powered boat would inherently hive the charac¬ 
teristics of .■ 'slow- sp-sed' boat. IL is alto possible EG obtain high speed 
performance with electric motor power, in which caw the control 
requirement* would be similar to that of other 'highspeed' boats. 

Model boats can also be classified as. 'contest' joct 'non-contest' 
types. Ih the former category the boats are designed For competitive 
use, conforming to national or initr national specifications. Thtf lK 4 t 
known of Lhe lattes are I he 'NavLga' Tadao classes 
I- I EJSO electric speed model with a maximum power of 31) watts. 
F1-E5QC1 elcelnc speed, power limited only lo42 volts 
R-V2.5 E/t engine* D-2S4 cc 
FI-V5 i/c engines 2'/i-5 ee 
F1 -VIS i/cengines 5-15 cc 

F2 stale models, split into: F2l length from 30 cm to 110 cm 

K2b length from I 10 cm to 1 TO cm. F2i. length from 1 TO ern to 

250 cm or l /l OOLh scale if larger. 

F3 freelance steering, divided into: F3E electric steering boats, 

F3V ife engined steering boatS- 

F4 Balloon bursting, open to any boat, 10 Lulloons in 3 minutes. 

F5 radio yaLlits {triangular course, 1 50 m) classified: F5-DF 
International 10/TO class (1 .o.a, i m., sail -irea 40 sq dm). F5-DM 
Marble heads. F5-DH> 10-raters. f"5 OX unrestricted class, save Ihai 

sail area must not exceed 50 tq dm, 

F6 group manoeuvres (or team events) involving several boats (7 mins) 
F7 scale exhibition models capable of a number of functions. Time 
lor demonstration 8 mins.. 

Contests in 'Mavlga' classes are held an <i triangular course with 40 
metre legs The manner in which the course has to he negotiated differs 
fur sp*’ed. scale steering and 'open' steering [figure 1ft. f J Design of 
power boal hulls is influenced accordingly. 


lB.l "Nivlm' courses, FI, F2 and F3. 
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Sitiglfl-ctiiinnsl control is attractive because of its relatively low cost and 
can pr-rwide "complete', il nal comprehensive functional coverage A 
rudder -only system would be suitable for low speed boats, but the icsa 
of a compound main actuator and a secondary actuator to provide 
motor control is always to n-j preferred. Bulk and weight nl equipmuint 
is not usually important in a slow speed boat. Escapements are setdum 
suitable as boat control actuators, even with small, light hulls, Thus 
/notarised single channel actuatori arc the general rule. These will 
require the uscofi relay receiver, or a relayless receiver switching the 
main actuator lhrough a slave relay. 

With slow speed boats iht rudder control can be either self- 
neutralising with a 'hang-bang' movement, or progressive. There are 
.Itgumenls and preferences- I avouring each type. In general, however, 
an S/K actuator is in be recommended. This will give ceniral rudder 
with no control. The model can be irimmed fur straight running in this 
condition, cither nffwLTir.R She neutral position slightly, il necessary, w 
using, fixed trim labs or wedges to counteract any turning effect 
produced by propeller rotation. Control available will then be lull 
rudder in either direction, giving rmne or less equal turns to right or left 
on command Turn radius can then he decreased, as necessary, by 
manipulating the control button in a 'biippihg.' iashlon, as described tur 
single-channel aircraft iChapter 11). The advantage of a self-centring 
rudder is that the era It can always be returned Id a straight course 
simply by giving no signal. The other advantage of using an S/N actua¬ 
tor lor Che mair service is ChaL Lhis type is readily available with 
additional switching bu»l L-in lor operating a scLundiiry actuator. Few 
progressive 1 aduitorsare produced with rhis facility. 

The uie at a progressive actuator for rudder control does, in theory 
at least, mean that any degree of iu-rn can be 'inched on', in either 
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direction- However, with simple vinRle-channel warkin* the actual 
rudder position is never known. It can only be estimated by observing 
rhe response of the mudel. This means that numerous 'inching' move- 
mcrils may be required to set (he rnndfll un a particular caurar, which 
wilt bo ms to be repealed Lo take up -mother course. 

The general tendency will be to steer an '5' course rather than u 
straight course, with general lack uf precision in dircclioniil control. 
Thisneed not matter sd rnUC-tl where the model itself has good direc- 
lionaS stability. Thus ii progrraive actuator COUtd he used tor ruddei 
only control on a model yacht, using il tusiwlly asafrfiTJ control, 
rather than straight forward steering. 

The fasH-l power hoat inevitably requires an &/N actuator for rudder 
control tn produce an automatically ‘sale’ control position I neutral 
ruddL-r) when tfitltrul is released, ihe main problem here, as the spied 
Of the model increases, is to balance the rudder size and position to give 
fully effective storing from a 'bang bang control movement whlioijt 
upselling the stability uf die hull, Ton large a rudder and too much 
movement, for example, could even make a high speed model roll rijfhl 
over hy I ore log d into too tight a turn, 

Stabili-iy In turns, and response to I udder movement, is largely 
governed by hull design. High speed hulls, and Other 'performinec-type 
designs are developed with lbr; particular response characlerisEics 
required m mind. Single-channel control, which necesurily means 
bang-bang, rudder movements, can Still have limitations, however, 

Speed control, operated hy a secondary actuator, ls essentially the 
Mima as for aircraft systems where (fn' float is powered Liy a diesel or 
glow molar |>ec Chapter Hi). There is the choloe of a 2P or -If 1 se¬ 
quence actuator, the respective merits of which are largely dictated by 
the throtlli nn characteristics ol the engine used. Scraightlorward 'high' 
arid 'low' speed controls, as given by a 2P actuator are the simplest, and 
usually Lhe safest, to US<; on high ipccd crafL. 

Speed control of clcctric-drive motors represents quite a different 
problem and ihefe are several possibilities. All simple systems, however, 
must be based on switching the motor circuit. The direct way of doing 
this is to ul ihse lhe JCILUtOf movement positions to operate switches 
capable of carryinji the mu-tur currenl preferably microiwiLdnuh with a 
suitable current rating. A limited number ol marine-type aCtuilOIS lUC 
also available W'illl built-in (or added-un) switchers., Switchers, arc, 
however, cnmmoniv home made. 

A single switch can obviously provide ‘run’ and 'stop' control via a 
2P actuator, Thus the second.'-y .KUUtnr movement, tripped by a 
■quick blip' signal, gives either motor 'em' or 'stop' [figure t&3 I 
However, ’stop' is less Useful .is a control than ‘blow 1 . A more attractive 
arrangement Is u« the NO contact uf the switch lo wire in a resistor. 
The NC position of the switch then provides Iasi running, and the 
alternative position connects the resistor in the motor circuil as it 
'voltage druppei' make the motor run at ,i slower speed [figure JB.-1 ,1 
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The value of resistor rL"L| li ircd l dn be calculated at follows: 

(1) T he current drawn hy the molof under normal (Tull sphied] running 
with Ihe htial in ibe Waier ITIUJt be measured. Gall ihrs I ^fabt) amps. 

12) the power of the motor under normal operating conditions ft 
fuund by multiplying I he running, cut rent I (fjr.ll by the battery vollagjc 
( V), This win give motor input power in « j//s 

Note Llhe power calculated in this simple manner itnul ■.iuiLe OorrccL 
Under free running conditions the current will he less than that 
meacured with the boat held static m Ihe water. Also Ibe effective 
vulture across the mo lot will be lew thar the ballet y VOlLlge. fhii 
means rhai the power C4lculaied will be higher than ibe true free 
running power. Ibe ditlcrence can be ignored, however 
Id) Decide on I he ’low speed' required, c.g. half speed ot one quartet 
speed. Since motor speed is more or loss directly proportional lo 
voltage, this will give a ligure (or motor voltage required for the 
selected slow -.peed. 

(4| Deduct. ihib (ram the hatlery voltage |o find the voltage which lias 
to be dropped by t he res! sLar. 

15i Lsllmdle Lfie ‘krw speed' current urt the same basts as voltage ahoue, 
Le. halt the speed would be equivalent to hall the current 
ltd The resistor value required then follows by dividing the voltage lu 
be dropped {from MdJ, by the ‘low speed" current estimated in (5) 

A worked-nut example -.houlcl make lh,is clear Suppos. the motor ft 
worked ofl a 10 volt baiter> and the measured current for Iasi running 
ih 2 amps. 

■j 1) I I Iasi) 2 amps 

(2) power = IQ volts x 2 amps = 20 waiii 

(3) Low speed is (n be one hatf speed The mu mi voltage required 
witj thus he IQ x. A - 5 volts, 

(41 The voltage to be dropped by Lhc resistor ft thus 10 5 ^ 5 volts. 
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|5'| At hjlf speed l he motor will draw one half the fast running curtenl 
i.e. x 2 = 1 amp. 

(t| The ■value of the dropping resistor required is thus 5 “ 1=5 ohms. 

fine oLhef point must Ik 1 observed. This resistor will he dissipating a 
pLiV^^r e-quaI lu the voltage dropped and current flowing through it- in 
this case 5 *1 = 5 watts. IL is Important that the type of resistor should 
h;iv<! A rating at least equal to the calculated wattage, otherwise it will 
be in danger of burning, out. 

Use ol a dropping rector in this way is waslefuf of battery power, 
bull his Is generally acceptable for *tnnghtfor ward speed control of 
electric motors. The principle can also be extended to multiple ‘ipeed 
control by using a multi-position switch instead of a simple switch, 
which is stepped round nne ccmLacl at a time, in sequence, by each 
'moLor speed' signal. Jiuch a switch can be designed as a complete unit 
operated by an electromagnetic coil and rachet-and-pawl type 
mechanism, eliminating the need for a secondary actuator (i.e. It Lakes 
the place ol the Secondary actuator). In this form it is generally known 
as a .re q u wt ce j wv i c fo gr. 

Each outlet can then have a different resistor connected to it, leaving 
one with no resistor (for "full speed') and another disconnected (for 
motor J stop') [figure 1H-; I- The arrangement tendi to become un- 
ndOHUrily complicated, however, as multl-stcpped electric mutin speed, 
con tra Is arc seldom necessary, 

One switch Foe chan gin a over from ‘last 1 to 'slow', and another far 
providing stop' are usually all that Is necessary. This switching system 
cun readily be worked by a 3F selective actuator, usrrtg the intermediate 
or middle positiion. of the actuator movement to give normal Tull speed' 
running (see figure Iti.S). Regardless of the last signal given, when the 
motor is running ‘full speed' the next signal will then give either stop' 
or 'slow', Also the next signal from either stop' or 'slow' will he'full 
speed'. 

Fur many types of electric powered boats, switching facilities La 
provide 'ahead and 'astern' may be preferable to lorwaid speed control 
unly A basic approach here is to use two batteries, one lor ahead and 
one for astern, using the switch movement to change from one battery 
to the other and at the same time reverse the pnlarily uf the supply to 
ihe motor causing it to run in the opposite direction [figure 18.9\„ 

Using a if actuulur and 3 second switch, a stop position can also be 
added.. 

The .id vantage uf using a separate balterv for forward anti reverse 
running Is Lh.il Ibt; reverse battery tan he of lower volliige, liner 
normally lower speed running is required iu reverse anyway. Speed, in 
this case is dropped without the need foi A dropping resistor. 

'Ahead' and 'asLcrn' switching can also be derived directly from A 
single baitery, as shown in figure IS^SQ. With a. 3L 1 aciuator, this can also 
provide a "sKip' position. N*nu that although this circuit provides 
reversion of battery polarity jL the motor for running litem, it slower 
speed Is required when running 'astern', then a droppio® resistor will havu 
to be Included, in this side of the circuit. 
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The circuits described, Which cover (fit; main types used with single- 
eharwl, havt - "ill dealt with the switching Of permanent magnet motors. 
Motors with wound field toils as well as wound armatures may owd 
dif 1 crcnL connections. 

Suppression i 

With eteerric drive motors it is imperative IhaL the motor be properly 
suppressed to avoid interference with the radio receiver. Treatment i* 
the same as lor moEois used as actuators (set Chapter 1 5), hut simple 
sm$le-ta|».eitQr suppression is unlikely to bis fully effective in the taw 
of largei motors, oi those drawing high currents. Much depend son the 
commutator design and brushgear of the motor. Typical drive molar 
suppression treatments are shown in figure 18-31. 

Extension of services 

The larger iiie of slow moving boaL, powered by an electric motor, 
lends 'i-relf to CJiler»lon »f the control wrviLcxby sequence switching 
derived from the main actuator. It is advisable that I he primary c« rntrot, 
t r e. rudder, he kept out of rho sequence extension. This meoos operat¬ 
ing the i udder from the two 'mam positions of the actuator, i e 
selected hy the simplest commands thus- 
press amf hold for right rudder (or let I rudder \ 
press-retevse-pren #ntfhotd fur left rudder (or right rudder) 

Two other positions an? then available on -i 4P actuator, both ot 
which cunespond to (substantially) neutral rudder position. These 
positions, can he used to close electrical contacts when 'held'. 
Press-refeose-prVB-ntfease-flress and hold would show close one Ml of 
auxiliary contacts, operating a second actuator. 
Prcss-rcfease-press-refea'se-press-reictJse-preiS and hold Would close 
another S£T Of auxiliary contacts, up crating a third actuator. 

I here is also the possibility Of inuirporuElng 'quick-blip switching as 
well to operate .i lourth actuator. 

One of these actuators would normally be used I or drive motor 
switching (e.g. ahcarf-stap-aslerp) using a 3P actuator. It is preferable 
that this control be easily signalled, particularly as it is worked on a 
sequence basis, and SO this wnuld best be allocated Id Ihc‘quick-blip 
signal (selecting a type off main actuator which provides this facility). 

Two other actujlo-rs arc then availabJc for operating additional 
services, and agam, each can pan vide further sequences. A 3P actuator, 
for example, ljti switch either of Iwo additional circuits in a sequence 
of A on - both off-0 on-both «f I A on, etc. ( figure IS, J2). It is wen. 
possible to provide furl Net cascading to use the A nr 0 actuators to 
switch two more circuits m each use. further extending tiie services 
available from a single single-channel system. 3 he dilliculty, ol course, 
hlhal signalling a particular service can- be extremely cumbersome, and 
sequences may readily be 'lost Thus ancillary services provided hy 
cascading actuators should be those which do not affect the control or 
safely of the boat. El does not really matter i sequence is 'kwf and 
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the umirVi.Lnd giver* raise* or lowers a Hig I listen J uf blowing d siren, lor 
Instance. 

Another problem can arise with extension i>i sequence switching. 
Uiin^ motorised actuators, .t signal must be held, for a certain lime in 
order for th-M acLualur circuit to remain complete during the lull Lrunsil 
time Of the actuator, otherwise the required movement will nal be 
comptot cd. Tu operate .l motorised actuator from a quick L'lip sigr^dt. 
or any signal which \i rnomontary rather than held, d I Of ill of hold Of 
delay must be incorporated in the actual 01 circuit. 

One way of doing this is to switch the actuator circuit through i 
slugSPd relay which has ,t delayed release or suitable period, The relay 
coil is conncut'ud to the command switching contacts, pulling the relay 
armature in when these contacts arc closed. On release of signal the 
reSay Loil circuit iv broken by the switching contacts opening, but the 
relay armature remains pulled ill hy residual magnetisflfi fora further 
pa-ind of dim, eventually releasing as the magnetism decays. Provided 
the delay time k suitable, the actuator circuit taken through thert'/pV 
Loniaels thus remains doted for the transit lime of the actuator \flgutt 

IS.! 3.1 

Electronic delay circuits tan also he used, and motorised actuators 
designed lur 'quiet-blip 1 response normally have such circuits built in. 

Switching circuits, included on (he main actuator may have to work 
through a relay, rather lh.tr» directly to close a secondary actuator lor 
motor \ circuit. Simple built-in switching contactsgenerally have a 
maximum current rating of .ibout 2 amps, and may be less. It the 
actuator switched by these conlacts draws a higher current, the 
contacts will be overloaded, A relay enables the higher Current ilrcuit 
□fin actuator to be 'isolated from the contact circuit which then only 
has to carry enough current to operate the relay [figure 

Single-channel escapements cm also he used directly as switchers 
(/fyurc TSJS}< An advantage here is Ifut an escapement movement is 
rapid, and so it will readily trip from one position Ed the next on a 
momentary or 'blip' signal, eliminating any need for a delay relay or 
delay circuit, if fhe switching contacts control a motorised wetuator or 
electric motor. Again, however, it may be necessary tm switch a motor¬ 
ised actuator circuit through a relay. 

Twin switching circuits can, uf COUrvo, be used to control a rwtiti 
-channel actuator bv providing the necessary reversal of current Jin.-L- 
liun on alternate signals. Ln this respect the circuit Is similar to I hat. 
Used for dlive motuf switching {figure !S. Id), 

Another system favoured fnr the extension of control services with 
single-channel operation is to use one switching facility on the main 
actuator to control •= sequence switcher. This can provide multiple 
switched outlets for operating ancillary services 1,1, A etc. in 
sequence [figure W. 7), Thus Stan mg from an off position (switching 
position not connected Lo ,my thing) the first command signal to r the 
switcher will complete the circuit fur service 1 r the next signal will 
complete (lie cin: ySt for sci vice 2, and so on Again 3 delay relay {or 
delay circuit) may be needed lor 'blip' sign .ill ins- 
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hql-rh SS( tlop ifL, 




I hi- ly'iiom Is generally supermr to cascading actuators to provide 
ancillary services, although the com [ruction nf a suitable sequence 
switcher may he beyond [be ability af many imddkrs. Virtually 
nothing is available in ihd commercial field, jiihuugh some spoti.ii 
boat-type main aetuatOfS do have : i system of built-in Sequence 
■witches. 

Selection of a particular sequence position is simplified by Lhe use of 
a bleep box on the transmitter, which can jSkj- be filled with J tele¬ 
phone-type dial. Theoretically, dl least, the operator li-ts only tudiat 
ihe sequence number raqui-red, when the bicep box will iransmft the 
rsecessary number of command signals to step the sequence switcher 
round to tins position. In practice. such a System can prove fallible, 
with frequent loss cd sequence and difficulty pf r» positioning tu 
reiLore tho sequence position of the switcher to correspond in that of 
tile JrttnamiltEr control 

All multiple contTut systems derived inim vmplc single-channel 
working, in (act, hjve this element of fallibility, 


Tiny electric motors Mkt Lhis wrifi 
piuy on jjGjrhns.es ire very useful Fni 
powerlnj anoltarv scrvices. 


Example of if jc.ELuL.jr Tired with 
inknuwliches. A number ofactuator 
nwiufactunn oiTer ihese add an' 
SWJkltfii. 

136 

































yfhjE Is fciasicilly a piofrisstvftyipe 
' multi' «!*'□ CJn jlwr fat UStfl tm 
lingttat’.annei pulir piupcirtlon-Jil 


Puts? proportion^} eontrvfc 

PuLsc proportional derived from single-channel equipment has prow U 
qpilc successful an small model pflw« boats with electric drive motors. 
Tin 1 pulse-pi opuMborul acluuCOi provide* direct and reasonably propor¬ 
tional rudder movement, iind can also incorporate switching utili. es 
lor electric dove motor switching. 

1 he Lwa main limitations of pulse proportional rudder control are 
(t) that the current drain in the actuator motor circuit is high, and the 
actuator fe working under rather drastic load condilroh'- which carl 
revolt an a lel.iliveLy short Life, and Q) that actual rudder movement tun 
he iftCCted greatly by the water load The laller usually means thiT 
positioning is far less 1 propelional 1 to control-slick movement than in 
aircraft ImTahaltons usenfi the sante system. Otherwise the system is 
essentially the same as that described in Chapter 8. 

Because of the relatively low actuator power available, and Ihe 
continual oscillatory movement of the rudder, pulse proportional 
control h not suitable for larger high speed boats, e.g, thaw powurjd by 
internal tombusllort engines. It is suitable for sm;illcr electric powered 
boats, particularly those which arc slow speed types. 


A rtnufi'iihie d«Lk vtalan la jlwavi 
advisable Its atililn ready ICttSilo fn 
i,|,J l' d(ia h iilL-rv itifUllaLion on it 
baiL rirkt Hire thji with luuliaf or 
Qptnlnjfi so; watertight when mr 
nuntc| is jiurr-bltd. 


Mutif-chomef system 

Multi-Channel systems have a considerable attraction lor boat controls, 
even though ‘proportional 1 rudder control feral possible. This Is 
because the switching outputs provided by a multi-channel read bank, 
provide more versatility than true proportional systems for the opera¬ 
tion of ancillary services. As with aircraft systems, however, they are 
not as good as true proportional controls for operation of the main 
functional control rudder, 

for rudder control, the choice lies beLween using a progressive 
niuliL-sctvu. ora -bang bang' type with self-centring an release of sign.il. 
Progressive control may he preferred for slow moving boats, but an S.'N 
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3S I f Variable motor speed Lurnml 
from J powntlomewc driven by i 
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IS,IB Simple electronic swiitk.nr 

circuit 
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IB.19 Thre-e chjnive! operjlion aT 
pmgrEssive wrva tor selfteirifrlng. 



1 fi.20 l?se nT r«.<s servos for vjriilile 
rudder positioning-working on ihe 
sjcit principle pF aircraft ‘eIevjiu*- 
rrlffl 1 l-riOvCtaftiiE. 
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■KrvO is almost Invariably used: for rudder oonlml on faster moduli. 

Motor speed control ran be operated by J further channel (i,e, 
iVOl kt*d liked single-channel system); or by two additional thaontli. 
Thus 3-channd multi tun provide complete functional cnntn iE. bul 
4-chinnel is [o be preferred on high speed models since this will also 
make 1 be motor speed control folly posilbnablc 4see also Chapter 12}. 

The power available from j motorised servo, together with the 
selective (right or left} movement ul j progressive type multi-servo can 
introduce advantages lor electric drive rriotur control, For example, 
instead of a tlscod value dlopping resistor For speed Control the sery > 
can be used to drive a potentiometer (ur Fully variable speed control. 
This Mil be d fully mechanical system {f'tgun: 18-f7); or incorporate an 
electric switching circuit \figvw Itt.IX), lor infinitely variable speed 
con Lra I. 

Additional channels available can be used to improve the quality ul 
lunclional control, In many respects the use-if ,t progressive servo for 
rudder control is superior since it enables different degrees of rufn to be 
selected by inching' movements of the control stick, rather than by 
'pulsing' the signal. The main limitation of the system is the lack of 
sell centring or return to neutral rudder position for StI.light steering, ur 
recovery from Over "Control. With an additional channel available it is 
possible to add self-centring to a progressive servo, by the addition ol 
the switching circuit shown in figure /fiffi. Operation ul the l hired 
channel will complete the switching circuit, which will lhen drive ihe 
WTTO motor to j central pn sit ion and automat icaily switch off. 

With only a 3-channel out fit, this system ifkiy be prelerred, sacri¬ 
ficing motor oimircil A 4-channet maths would enable self-centring 
rudder to he incorporated, and sequence operation ol motor control. 

An alternative li« of 4’channe|s tor funefionaJ control is to employ 
both fXWS of channels for rudder CUnlrol via S/M servos. These can be 
linked in a similar manner to an aircraft Tr>m control, one s^rvo provi¬ 
ding small rudder movement and the other .i larger movement i,ffavn 
fS.2Q\. Thus two degrees of turn can be immediately selected in either 
direction- a shallow turn and a steep I urn It is also possible to use the 
two servo movement* to give 'sum' and difference" rudder positions, 
making four selectable rudder positions on eaLh side. 1 his should 
provide more than adequate flexibility of rudder control, with every 
position wH-centrmg OH release df signals). The main difference with 
'sum' and ’diffejcsnec' working is lhar For intermediate rudder positions 
set by 'difference' the two rudder conLroE sticks must be moved in 
opposite directions, which A not a natural form of control move-menL 

Instead of providing a trim' movement, the tudder may be split so 
that one part is operated by one il motor and the other part by the 
st-Cond actuator. Split rudders cap be operated separately Ln provide 
different degrees of turn; ilmuEianeotisfy to provide .i minimum radius 
turn; and in opposition to produce a shallow turn. 

The main advantage of a 4-channel rudder control system aver a 
3-L-hannel working of rudder is fhal I He need for special contacts and? 
modification of the reed bank circuit Is. avoided. 















































On the above baas, a 5-or 6-chan lid system will provide the best 
cwtragp of Functional control requirements with multi working, the- 
additional clwincl(s) be mg allotted to motor control. 


Additional services 



lfi,7l t.inching Lircun ta>«l »>' relays. 



Similar considerations apply as in the case of single-channel controls. 
The main functional ccmLrols rodder and motor control -should bir 
Independent of any additional services which arc to tw provided. Thus 
rudder and motor tonlrol should always be operated by separate 
channels, and only spare'channels left ewer in the outfit u«d for 
ancillary controls and semes. Each 'spare' channel can then be used to 
operate an individual service on the basis uf single-channel operation 
(|. e , via d single-channel actuator}; or pain of channels can be used to 
oper ale additional services via multi-channel servos, the former 
obviously doubled the number ol separate services availabk. the 
number of services can be further increased by cascading or sequence 
switching, applied To a single channel. The more one departs from 
conventional multi' working, i,e, two channels controlling one muth 

servo however, the more one loses th*i basic advantage qI nlutii over 

single-channel in providing direct and selective switching in response to 
the command signal. 


Re fey fetching 

Mil I tl-channel reed outputs readily enable tile relays Operated by 
Individual reeds to be latched or held in> following 3 momentary signaL. 

To achieve this a. slave relay is introduced into the circuit embracing a 
pair of reeds and ihetr respective switching relays {figure 1S.22) Opera- 
I ton of reed L pulls In relay I, doling its contacts to energise the slave relay, 

I he slave relay cunracis now complete a circuit Through the slave 
relay coil ami rely 2 contacts, so that on c64S.llinn ol the command signal 
when relay l Is de-energised, the ^ijve relay continues to hold in. 
Operation of reed 2 will energise relay 2, breaking the slave relay coil 
circuit. Thus a signal on channel l latches th* slave relay which Is only 
released by the appearance ul a signal on channel 2. 

'■tote thill i| is the stave rstey which acts as the ‘switch’ tor the actuator 
circuit, The -slave relay must therefore have two set? of' contacts lone 
for ‘latching’ and IhcoLhcf switching the actuator clrcuil'l. 

In thu case of a relayless reed receiver a similar latching action can be 
provided electronically, using a Circuit ol the type shown in figure (8.22 
Such circuits are relatively simple to construct, mounting the 
sompunmts on a small PjAOlin panel. Almost any type uf AF transistor 
is suitable. 


18.22 Electronic l.a^iMii; -circuit will, 
relay luf OUUMlt swhctiltip. 
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Pmportipnof canIrak 

Little need be said nlbout pfOpOrtiOfial Systems Other thJui ihc obvious 
lad that they provide a superior type of rudder conirnl to all rather 
systems. I husa 1 4 L' proportion.!! DuLiiL can provide complete rudder 
control plus an additional control for Jingle-channel working. 

Proportional servos are invariably m.itehed Lra a particular receiver, 
and choice is usually restricted to a single! 'aircraft' type, which provides, 
mechanical oulpur movement, although alternative roLary and push-null 
movements may be available, Ancillary services, therefore, normally 
h-we to be operated by mechanical, switches worked by ihe servo 
■ulput. I here is little scope for adapting, or constructing, proportional 
Servos incorporating special switching functions except hy a ver> 
experienced radio modeller, 

A limited number of proportional servers matched to specific tom 
merciil systems Jfe, however, available for iwitching services, Fhcw are 
intended to he used instead of "aircraft type 1 servos commanded by uric 
of the system I unctions, e.g, lo provide fully proportional electric drive 
motor speed control, in both directions, and stop. 

R/C YaMi 

There is really no ^uhstrtuLc for proportional rudder c.inlrol on .1 model 
yacht Single channel or S/N mullkuddct control is largely restricted to 
pruducing mapar changes in course, c.g. from one tack to another. 
Progressive rudder control is probably best-w, using multi, since this 

































Winr, 


liS.Ii flask vieel haulinrt iyaiHH. 



■ a.,.2* Wl th 1 Ms ih ce L lutilhlg i^Acn, 
|ib aiuf milnsill sciting* jd|uw 
ihc mic Iw JiKonumcjlly. 



docs pravldn the more continual requirement of the directional 
control of a model yachL, i.c. 'trimming' the ruddei to a suitable 
position, If additional channels arc available, then the best arrangement 
iito combine a S/N or progressive servo lor rudder control with J 
progressive servo Lu give trim, This will give the nearest approach :n 
proportional control, but will require four ch.inneh tu achieve. Simple 
plilse proportional rudder control is generally un suitable, bcL.iuse of the 
rudder loads involved on a last sailing yacht. 

Rudder control cars be allied to ■automatic'sail trimming control 
operated by a vine mechanism., although this is realty ahalf-and'hali 
solution. For complete functional control sheet hauling needs So be 
lidded to rudder control. 

All sheet hauling systems uc based on the same principle, Jib and 
main sheets are taken to a mechanical movement which either polls in 
the sheets, or allows the sheets to pull out under the pressure On the 
sails [figure J8.23) The actual movement of each hocjm is corUnaMed by 
Che distance: between the pivoting point and the attachment point of 
the wir,ch. Thus if A. is longer than Li the main boom would have more 
movement than the jib boom, following a movement of the controlling 
mechanism, and vice vosj. In practice it h generally found best to 
make these lengths identical (i.c. A T B) p SO that each soil has the same 
amount. Of movement. This is not the invariable rule, however. 

Another system which has found some favour in America is shown in 
figure IS. 2 4. Here jib and main sheets are connected together and nun 
user j pulley, This pulley is carried by iflC sheeting movement, Mainsail 
and jib settings are now 'automatically' variable at any particular 
setting. Thus,in increase in wind pressure on the mainsail will tend to 
pull in the jib; and a decrease in mainsail pressure will set the »ih muie 
freely. This is known as a self-adjusting sail system, It k suitable for 
'simple' salting, but has seven- Limitations for racing or serious sailing. 

One of the simplest forms of sheet-haul ins actuators is an electric 
motor driven winch. Because of Ihe inherent high running speed uf 
small electric motors reduction gearing is necessary to arrive at a 
practical winch speed. This will also have the advantage of multiplying 
the torque asaibble From the motor. To haul in sheets on a larger yacht 
may lake a pull force a I js muLh as in pounds in a strung bree/u. 
Transit time lb not particularly Important and can be as high as 10 
seconds, if necessary, alt hough 5 4 seconds is usually quoted as an 
opt imum figure. 

A further requirement is that the system be rigid That is, wind 
pressure on the wits cannot 'drive' the actuator and so alter the sheet 
positions. A high reduction gear ing will usually provide suitable irre¬ 
versibility in the motion, and the use of a worm gear one stage jn the 
train wdl virtually ensure complete irreversibility. 

Wincfl-type actuators can be made Irom small electric motors Idled 
with suitable reduction gearing simply by attaching a drum to the 
motor output spindle. 1 he drive needs to be progressive, and reversible, 
cither by switching in the case of command by A single control channel; 
Or directly selected by 2-channel multi or a single proportional 
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funtUun, Tu prevent the rototor M.Llling when, reaching either end of its 
move (Them, the motor must also hast a Upping dutch, or (he motor 
circuit be Ml led with limit switches, which auiotnatlqiMy switch off at 
the end of the movement with a progressive mulil-servo, for 
example). Only limit switching will provide the necessary fluidity tor a 
larger yacht. A slipping dutch might be accept able in the US* uf a small 
yacht, but will still have to be set fairly tight. Thus the motor will 
probably he nea rst.il Jed at I lie cod of Its motion, drawing hi ah current 
until the motor circuit is broken by release of the command sign-d. 

I he advantage of a sail winch is that il can be installed neatly, with 
the motor below deck and only the winch above deck. It also lends 
Itself to differential movements by Using drums of different diameters 
for ihe iib and main sheets, mounted on the ume spindle. The motor 
can be switched by a 3P progressive ikludlur, in ihu ni.inncr previously 
described for Hectrie drive motor control. 

An alternative system taw'd Ort a mQCOt is shown in ftyvr't J8.25. Tlw 
motor drives a threaded rod, on which is mounted a traveller arm, 
Rotation of the threaded rod in one direction causes the Lravetlcr to 
move one way along the rod, and opposite rotation produces movement 
in the othe-r direction, Movement of the traveller thus provides a 
push-pull motion Inr sheet hauling, the sheets being attached lu the free 
end of the traveller. Again the system t an be Installed below deck, with 
cither the traveller arm emerging through a “dot in the deck (long 
enough to accommodate the traveller movement), ut drawing the sheets 
through a suitable opening in thr deck [fiqur.a 18.26) 

A particular advantage of ibis sysLcm Is I hat, due Lo the traveller 
motion being linear, limit switching 1 is quite easy to arrange, Il can be 
provide] mechanically, for example, by turning down the ends of the 
threaded rod to form a plain section onto which the traveller runs at 
the ends of its travel. Th-e motor can then continue to drive under fight 
load with rn lurcher movement n£ the traveller To ensure that Che 
traveller immediately engages with I lie threaded rod when the motor 
reverse* direction of rotation, a light spring, can he lilted at each end to 
keep Lhe traveller "I:crating 1 against I he end crl the threaded section 

Lever-movement sheet hauling is another possibility. Here the 
push-pull movement is derived by a servo driving a pivoted lever, This 
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tirver can b* vertically mounLed and pivoted. at I he bottom, H* provide 
fu-n; and ait travel through a >|ot in I he deCk.or he a hori^ontail kwr, 
nominally centre pivoted If/c/ure /B.2B). The latter is another type- 
readily adapted lu differential movements. 

Arranging she sheet runs to provide the required movements is ,i 
matter of simple geometry, tlach ■jhcct >1 normally Led through 3h eye 
mounted un the deck cent re line II both sheets are run directly from 
their respective eyes to a push-pull movement boom movement? will be 
in opposition, e.g. hauling m the jib hoom will slacken the main sheet, 
and vice versa. To produce similar movements-i.e. hotb booms either 
pulling in or moving out - one of Lhe sheet runs will M.svC to he doubled 
back so that both connect To the same side uf the push-pull movement. 



S-Kcet hatdbnj fry hWiiuttcal. 
plvOWtl lever rn minted on Peck, 


Bum irMtaitottons 

Dampness is Lhe enemy of eiectrnnics or evert simple electrical circuits 
-snd so radio control Installations in Lvnats require more carelui 
Licj.lme.Tit than given lu aircraft Ideally radio recover, balleries and 
servos, should be Installed in waterproof compartments; of better still, 
in waterproof containers, f ailing (hat, the ccimperimt'llts in which these 
components arc nluUPtcd should al least be splash proof, mid bee from 
the possibility of immersion in hike water which may collect in the 
hull. 

The simple method til 'waterproofing' the receiver and batteries by 
enclosing in polythene bags is often recommended. Such protection can 
be made waterproof by taking all wires through the opening of Ihe bag, 
then binding this tightly over the wires with a rubber band [figure 
Jfi.29}. Unfortunately this means bringing tho acrid I wire out with ihe 
current carrying wires., which is not desirable. Also a completely select 
packing can cause condensation Id appear inside the bag dt lower a|r 


A iKHlWSF vkw oi chi unit iTHSt«el, 
showing dltEI hauling wlndl powered 
by 111 own motor, K udder atCUdldr h 
alongside. 



193 






















































Muuldcd glam I i hi l 1 buaE hulls uvc 
mcidelltr? J. fpl nf tins= i>nd cTfniE and 

are ,:■■-iir.ib-: In a variety df departs and 
dUL 



18.19 The VUvii'.' (he Eliud u< 
wjiEerpronfing Ihe radio tide n 
EncJnst Lhc rc ceevet in a paly Lhcne big. 
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temperatures. I hk possibility Can be elimituled by including a Rachel 
of silica gd inside the back, Of opening the bag to allnw it Id 'breathe 
when the modet is not in use. 

Where adequate spacr is available-, receiver r b.aIterhrs jnct on-off 
switch l a 11 be felted inside a waterproof box, packed with lia.im rubber 
Wiring can be taken ihruugh Tubber grommets In the side nr the tun or 
preferably terminate in sockets pn Ibe side of the box Lu which external 
connection cun be made with matching plugs. Plastic boxes are suitable 
fur such purposes and the hd cun be sealed Wish a binding of polythene 
or PVC adhesive tape. 

In some CJSfcS it may be possible to mount receiver, ha Limes, switch 
all wiring and actuators in the same waterproof box, taking ills! dOI-|Ml 
move-menli ttlfGUgb rubber grommets. All .inii-yibr.alkip mounting must 
then be done inside the box, so that the box il sc If tain be rigidly 
mounted io ensure positive line up of the actuator movements, The 
particular advantage of such a system is that by Incorporating a suitable 
coupling in ihe actuator movements outside the twin the complete radio 
installation can he transferred I rum one model lo another, with simil M 
control layouts. 

Quits commonly , however, especially on smaller models, Lhe jCloa 
tors or servos have Lo be mounted separately. They should be mounted 
High enough to hi' clear of any bilge water, and 3n a pemliun where they 
can be protected from splash. It may be possible to pro vide-almost 
complete protection wilh polythene sheeting loosely wrapping the 
complete actuator, and tormina a closed bag by being bound to the 
output movement with a lubbei band. 

It is possible to produce a completely waterproof installation so that 


1W 

















GcEllnH rc*i:Y Tor j speed r-jn w|1h i 
radio controlled mmJel Hydroplane, 



if the model sinks, for example, the radio ccjjuipm-unt will remain 
protected and free from harm whilst the model is recovered, But this is 
difficult to achieve, ,md Mldom rally necessary for rhe average radio 
controlled boat. The simpler approach is to decide where watei CflU 
yplash, Of appear inside the hull, during normal Operation of the 
boat including lifting in and out of the water-and provide 'water¬ 
proof mg' or 'tplashproofing' against such contingencies. 

Rather marc stringent precautions arc necessary where the boat is 
operated in salt water, particularly »o .avoid dampness COllecEtng inside 
the boat. Salt damptUMS can have a particularly corrosive effects on 
cIcLirk-dl contacts. Receiver relay contacts and reed bank contacts Can 
be protected by sealing the crumple Lc units with a wrapping of poly¬ 
thene Of PVC insulating tape but actuator switching contact* can 
usually only be staled by complete enclosure. 

Com immense will be a good guide: to the best form of installation, 
plus practical experience which will Inevitably he gained as to how- 
dampness can affect radiu instillatlons, and how to avoid iudl troubles 
nest lime The simplest Installation is not always the best, as it Usually 
is in the case of aircraft, 
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19 R,'C CARS AND 
VEHICLES 


The application of radio control to model cars and other types or land 
vehicles is i field which remained relatively undeveloped up to .ilxnjl 
I97fl Prior tn that must Rf-C tars were individually built, powered by 
electric motors and fitted out with non-proporlinn,il steering and 
forwafd'StOfVTeverw drive motor contruL The availability nf prgpor- 
riorwl radio, however, offered 1 type of Steering and speed control 
suitable for high speed Car Operation. Commercial interest developed 
along these lines, producing a range of scale model facing cars powered 
by i/c engines (mainly glow motors), ,ind capable of being operated .is 
free running racers. Ihis saw the Start of radio control led model car 
racing as a bobby spun with an international following, based on a 
sophisticated type of model. 

A pari from the performance and scale realism, (a high proportion at 
all males have fanciful ideas larding their potential abilities as raring 
car drivers! !■ the attraction of the engirtc-pOwtred, proportional 
controlled model car is that it well catered toi on the Wftwnefidal 
market, Numerous models are available in complete kit form, reducing 
building 1o mainly s matter of assembly, and component parts and 
body shells are available for the builder wishing To slaTt from scratch, 
starting wllh his own ideas on chassis design. Standard proportional 
servos can be used lor open ting the controls. Aircraft type engines arc 
used for the drive motor, fitted wilh a flywheel and driving through a 
centrifugal clutch and suitahle reduction gearing to the driven wheels, 
Reduction Rearing is essential because of die high running speed of h'c 
engines when developing maximum power. The combination of a 
throttled (R/C type) engine with a centrifugal clutch offers a complete 
motor speed control via a conventional proportional (or progressive! 
throttle action. At low speeds the centrifugal clutch it disengncicd, 
allowing the motor to run with drive disconnected (clutch disengaged | 
An increase m motor speed wilt then cause the centrifugal dutch to 
engage at a particular speed. I hr remainder of the throttle range Is then 
available far variable speed driving (dutch lully engaged over this 
range). 

The use ciI an autom.itic clutch r. generally to be preferred to a 
mechanical clutch w+lieh requires the use of a Sc par,Hie control, 
although separaLdy-operaled clutch controls have been widely Used on 
engine-driven model C an, 

The cars thermfllve-s are usually designed urt 'full size' engineering 
lines, with sprung suspension for the front and rear -Wheels, and 'full 
size' geomciry f« the Steering linkages. The steeri ng servo output 
movement is coupled lu thislimk-agt: through some simple formed 
shock absorber to avoid side Hoads on the wheels being transferred 
dbeolly to the servo movcmcnT. One melhud of doing this is to mount 
the fleering servo sideways u «1 The chassis unit between the front 
wheels, with Lhe output movement attached La the two Steering arms 
via springs, which abiorb the shock loads. A spreader h.ir can then be 
added Its Interconnect the Steering links and keep the steering system 
rigid.. 

I he third f unci Ion required lor ‘complete 1 control is h raking 
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Typical prefabrltiiwf ioi fin radio 
controlled rj?r car. 


Altfmuxh Ihe speed :if the c.ti can be controlled to a large extern by ihe 
ihruLLlCj closing the Lhrtttlie loo Ur would make the ccnh ifugal dutch 
disengage ;md remove the 'engine braking' eifecL lhu*a mechanical 
brake i* desirable This can be n simple friction I ype r filled cu either 
pair of wheefs <or ever .ill lour, il felt necess.iryl The effect of 
mechanical brakwill vary wiLh the speed and weight of [he model 
and the type of surface- over which il is running. Brakes, even propor¬ 
tionally operated. are generally the least effective of the controls, 
normally producing, lacked wheels and skidding at high speeds on 
smooth surfaces. 

Complete' eoniml cos-L-oiga can thus be given by i '2 • I' projpor 
Linnal system; or n '3-fonctkifi' system can provide proportional 
braking. Brakes tan also be made available on a '2'FurtClkin' system by 
using mechanical coupling to the throttle movement, tow speed 
throllle also pulls cm the brakes. There arc advantages oF having brakes 
itMViildble ns 4 separate control to thnottle, however, for high speed 
driving. 

Mos!, af the earlier high speed R/C cars were relatively heavy, and 
sturdily constructed, weight being thought necessary lo keep the rear 
drive wheels on the ground lor good Lraction. Belter performance is, 
however, usually achieved with tighter car weights, although the 
resulting construction IS then more prone In crash damage, the 
'mortality risk" of a high speed R/C car, in fact, u someth ing on a par 
with high speed T/C ,iiicr.;it( demanding considerable si.ill and fast 
reactions on the pari of the driver' tu-avoid. 


Simpler air models 

The simpler car models are based on elecLric mu-tor drives often 
installed in plastic car models of suitable sire or on scratch-buill chassis 
units or ‘pans' with plastic or wood body shells. Electric motors are 
Simple to install in a small space, with the necessary reduction gearing, 
clean-running and easy tu switch fur Stop-go, nr forward-Stop-reycrsE 
'Isee Chapter J&h Variable motor speed control is not necessary, nor in 
tael is proportional steering on a slow speed tar or land vehicle. Thus 
single-channel working is readily possible, selecting a suitable safe 
running speed for the vehicle by the reduction ratio used, 

The simplest single-channel system employs j motorised .ICtuarOf Tor 
moving the steeling, pros id mg either righl or left turns, wlt-ccntring to 
neutral (straight running) on release of signal. The addition of a seCund 
.ictoalor operated by a "thud position signal (preferably 'quick-blip') 
can (hep give Ehe following alter native 'speed 1 controls, depending on 
the type of switching used: 

(1 | on or off, i,c, stop and go 

(2) forward stop- reverse (wills reduced speed in reverse il desired. 
See Chapter IB) 

(3) fas! forward-slow forward-slop (using d 3P actuator but sacrificing 
'reverse' m favour of an Intermediate position grving reduced moLor 
speed). 
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Sutli nodnl-i generally have a limited interest, although they are 
useful fur demonstration purposes, Commerepnl models of this ivpe arc 
ai^i produced in 'rcady-tu go 1 farm, as a sophisticated type of my. 
individual builders working with ungk-chsnnel radio are normally 
inclined to j-D further, 1 hey may extend speed control by utilising a 
sopLICnet; switcher tor the secondary actuator, Integrating power .ind 
steering, or aim far proportional sleeting using a single-channel pulse 
proportional system with a suitable actuator. 

,Non-propQftfQ fl o> 'mtilfi' 

Multi-channel radin offers considerably more scope and emends control 
^ssihilitios> to engine powered Lars, for which single-channel systems 
jrc basically un suited. Mu It I-channel systems, however, ere Still not 
suliable fur adequate control of high ‘■peed racing can. I here is no 
substitute lor proportional in th«s class. 

A 4-ebahhd multi' system represents, j minimum requirement, 
controlling two servut. One servo tun then control steering and the 
other yervo motor switching jrn tile «se of cktLrlc motor drive) or 
throttle lin ihc case of an i/c engine). The LJSBof J centrifugal clutch in 
the fatter case eliminates the need for .1 further channel Id operate X 
mechanical Clutch. 

Either 'hang-bang' Or progressive servo movement tan be used Lu 
npqrate Che steering aF an electrlc-powertsd vehicle. The choice depends 
largely on the type and scope of model, and which proves most surras* 
r'ul at the speed at which the nsodcl operates. Srlt'Cting a type uf servo 
which l- i 11 work cither with a self-centring or progressive action with i 
simple modification of wbihg (see Chapter 9l enables both typ« at 
cajitrui lobe Lned Out and compared, 

























On slow-mnvipg electric-powered vehicles, multf-ehannd radio can be 
worked on individual channels, each commanding.! single channel 
actuator Thus whilst it is. desirable that steering be on 'direct 1 
command, allocating two channel* ta central a multi servo, all |hr 
olhcr channels available can be Used separately for individual 
commands, e.g. 

t'fofintt&i 3 motor sequence switching lor 'speed 1 control 
ckon/Ki 4 switch lights on-off 
channei d horn on-oi l 
and so on. 

The more complicated Ihe control system planned:, ihe more space 
will he ai a premium to locale the m?cc**jiry actuators etc The body of 
the vehicle will also have to accommodate the Tccdver and receiver 
batteries; and drive motor batteries in the case of an electric powered 
car. Some space saving is usually possible in the latter case by adopting 
nkkel-cadmium accumulators instead of lead-acid accumulators, which 
,ifc Ihe rtud mal choice fur powering larger, deetr ic-drive motors. 
Installation requirements are otherwise similar to those described for 
aircrall for wiring up etc.,,, except that a luse may be advisable in all 
electric motor circuits to give protection against potentially damaging 
high currant* which might be produced by mechanical overload. Thb 
applies both to the drive motor and servo motors, as both drive motion 
and servo movements arc mare likely to be subject ta heavy bads, or 
stilling by physical obstruct ion. I tan on other types oT radio controlled 
models. 


































Moil modern radio uu mI rtj! equipmenl 
« pOMirtd bv ‘llLkfl-L.iJmium seated 
Ivtumul-tCaj-s. A ITU Ceiling cliargier Is 
needed to rt'cK3r®e =t regular Intarvih. 


* 
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20 BATTERIES 


fc.l 



Tlrre 


2ti.l Comparetl** jierfiKmjnLE of d 
dry CflU OH h^h dlvriiar^t (A); dry ifII 
uh Eewer uurtem Grain |El); and l 
nlck-tl-Ljdrrtidltt battery lender hi|jh 
miTcnt drain (Cl. 


20 Cui-awiv diiEMm or a 

l»,i|mn type nickfilliadmlurn cell, 


All modern radio control units employ transistor circuiLs working oil a 
low vuUJge supply (e.g., typically,9 volts for transmiuefSand 1 toft 
Willy for receivers). Choice- i>1 lypcot battery I hen lies between dry 
cells (dry batteries) and rechargejble batteries or nickel-cadmium 
accumulators. In the case of itmple sinfilc-clunnel Systems, dry batteries 
may be preferred JiS offering an economy in initial cost, and installed 
weight pencils, for ewmple s being a typical choice for receiver/ 
actuator batteries. The higher current drain ot motorised actuators, 
however, favours the use .if accumulators, and Willi multiple-channel 
systems, employing several servos, ihc use of nickel-cadmium aceuimi- 
I a tors is virtually Standard. Nobody operating pruportiomal radio, for 
cjample, would normally- consider using dry batteries, cither for the 
receiver supply or for the transmitter 

MtJte ?<admium ocamufators 

Nickel-cadmium batteries arc commonly known as 'DEAC's', this being 
the name o I the type originally manufactured. A number' i>f other 
m.'inulaclurej's now produce nickel-cadmium batteries cd virtual I v 
identical type and site. The type normally used lor radio control 
installations aie the soHcallcd button cells, in the shape ot a IJji disc. 
Each cell has a nominal voltage of 1.2 volts (compared with the 1 5 
volts per cell Di a dry battery), I his is their only disadvantage compared 
with dry batteries’ a greater number oE individual cells have to be 
connected together to produce a higher voltage battery. They also cast 
considerably mure than dry batteries, but this is not necessarily a 
disadvantage since a nickel-cadmium hnllcry Is rechargeable and has an 
almost indefinite life with normal usag,f. 

The specific advantages of nlsfcfll-tJdmium batteries are: 

(1) the discharge voltage is substantially constant, regardless of load, 
and remains constant up to the point whore the bnLtciy has reached the 
point of being almost completely discharged. This is quite different to 
the discharge characteristics ot a dry battery, where discharge volutf 
can vary with both time and load (set fkfuri 20.1 }- 

(2) The battery Can meet high current drains wlthoul suffering the 
voltage drop 1 associated with a dry cell This docs not apply to all 
nickel-cadmium bats erics, howcvti. Some QIC designed far low current 


20 BATTERIES 


t.i 



Tlrre 


2ti.l tomparJtlve jicrfairruiiLi: Ol J 
dry call oil h^h dlvdiaryc (A); clfv «U 
un Euwtr current Grain |P); and l 
nk E i I . j,l«ii-.iiii battery under hiijh 
current drain (Cl. 


2 P ,2 Cut-away GiaErJim or a 
l»,i|mn type nickfilliadmlurn cell, 
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working, grv'ing long discharge lime*. This ts usually specified by the 
manufacturers. In the use of DC AC's, type DK is for low Currents and 
type PKZ for high currents Thus type DKZ only would he suitable Icir 
radio control Installations. 

;j) Cach cell is fully sealed and isshutkpTool as well .is leak proof The 
Constituents do not deteriorate' with lime, SO PW> maintenance is 
required Other than recharging it necessary intervals 

I he capacity of but ton-type cells ranges from about 0,1 ampere 
hours up to about 175 ampere-hours, according tn sue. The two 
favoured Sizes are the DtAC 223 (or near equivalent in other makes), 
and the DEAC (or equivalent!, uf 0.223 and Q.5 ampere-fiours 
capacity, respectively, These cover (he needs or most LransmiIters nnct 
receivers, although if larger capacity batteries are requited for Irans- 
millers, cylindrical cells may be preferable. 

button celts arc available as single cebs ? or as made-up batteries 
comprising two, three or more cells welded together with series connec¬ 
tion, Thus equivalent btiEtery voltages are¬ 
na of cells 2 3 4 5 6 7 8 

voltage 2.4 3,6 4.-B 6.0 7.2 8.4 9,6 

Most modern transmitter and receiver circuits, and actuators, are 
designed to operate withona of these 'standard' voltages, 


Silver-zinc ^cciirnyilqtor (ifft) JO if 

tad-acid accumulators are lire normaf 
cKflke fnr bllttTlri for drive mu tors nn 
eJeqtrlfpowered iMSdlv Thty are r-n: 
used as radio batrefSas. 


Recharging 

Battery chargers are normally designed to plug into the AC nrains 
supply and incorporated transformer lu step down the charging voltage 
to tho level required to malch the battery, plus ii leCtiflcr to change the 
AC current to DC when applied across the terminals of the battery The 

























B J[)trv t h-amers- art .nEXiiemevc, 
rufiaWu units, plUEBing into mihi 
Eletlrlciiy. 


ChaTHcn ulLuri provide 3 range oF 
iljFFtrenl durijirtg i.il*s [u match 
(flfferetit batUfY sites—in ihii cate 

DtAC'iln lliree (i.'ES, Jind vbllaiiES 
from LU 1 2. 



optimum 'ch.n&mg volLagp' in [he case of nickel-cadmium billteries is 
abuOt 2 A volts per tell (in the battery)- However, i( is ilw nooc-svary lo 
Include *i resistor in the circuit to limil the charging cum nr The 
recommended thargjrig current, in amps, is. found by dividing the 
ampere-hour capacity of the cell by 10. Multiply thisr figure by 1000 to 
convert to mill Limps. Thus a, '325' size Lell, With a capacity of 0.225 
ampere-hours, would require .1 current of 0.225 t US - 0.0225 

amps or 22.5 milliamps. 

I'he time (0 complete a charge, Starling with a fully discharged 
tMttftry, it then 14 boots. However, batteries ore never fully disth.irepd 
ip use. They are always recharged before they have reached their 'end 
point' where voltage drops nil rapidly, tu avoid this possibility of 
abrupt battery failure in use. it is thus difficult to decide how much 
ekiitjv a 'partially discharged' battery requires as there is no ready 
means a I deciding how much of the capacity has been used up. 

Fortunately this question is not as difficult as it appears. At the 
charging rate specified a nickel-cadmium battery can sate I v accept a 
100 pul cenl overcharge, e.g. charging for 28- hours Thus a full 14 hour 
chulge tan be given ID a battery which is known to be fairly well dis¬ 
charged; or say a 10 hour charge to one when not extensively used. 

OnM fully charged 1 nickel-cadmium battery will hold its charge, but 
suffer a bi* of capacity ot Lhe order of 5 per renL pur week. Normally, 
therefore, batteries are bust up a day Of SO before required For 

UM , and il not used for a week or so after being charged, a short 
recharge can be given to make up lor the likely capacity loss. Allow a 
10 per cent capacity loss in this case, to he on the safe side, for estimat¬ 
ing recharge time, 

Nitktl-oadmium batteries cars he charged at higher rales lhnn that 
specified, with a corresponding shottening of charging time requited. 
However, charging time now becomes more critical, as overcharging can 
generate sufficient internal heat TO warp and permanently damage lhe 
Internal members, and even cause Lhu uasing to swell. Charging, currents 
of up to 20 times, the recommended rale can be used in an emergency, 
for rapid charge and ihls can even be done direct from a large luad-actd 
accumulator of sufficient voltage. Ruth a variable resistor and an 
ammeter should he included in the cirCuil to check Thai this maximum 
currenl ;s not exceeded, and the cfw ftinR time limited fhirgmg should 
be Slopped at once if the battery shows signs of serious overheating. 

Suitable chargers lor nickel-cadmium batteries of standard voltages 
are readily available, and are quite inexpensive, 5uch chargers simply 
plug into [he AC mains, with different pullet terminals (or switching) 
for connect in” to different sizes oi nickel-cadmium batteries il recom¬ 
mended charging currents. These ire normally quite foolproof in 
operation, and very reliable. 
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2Q.3 Layer tvpc cjrbotv-jint tmit-ry- 
i, sop plite with Mijp-fiiifinar- 
carifieciutv 
b. mcLd jjckul 
C, wax coaling 

rf, pltsdc tell ce-malner 
t. dtpalarlrfr 
f„ paper lfj.v 

K. rle-ctidfy tc i mprrun afc if p.iprr 
h. carton coated on* electrode 
s. PVC ctwretf *ire 
{. ptascit buIlOni pbU 


20.1 Example ol >i b#lleiy 1 km 
du^igpcd to take Inur n*n.ceJls -1 he 
terminals are LoniwKled to t wihhu 

KiinfMSfl. 



Pry butteries 

The most popular siilc of small dry battery for simple bie-chamm,'l 
radio rnsullationis is the oenwll (U12or equivalent) These- .no best 
HI Led in proprietary buttery boxes, dLSijined Co jccommutt.il r lwo, 
three or four cells, .giving T_ 4.5 of 6 volt batteries, respectively [fi&Ute 
20.4]. This avoids h^vinR to voider on wires to Connect two or mow 
cells in series to make up a buttery pack. 

Dry mils are nude In 5wo busk types standard' and “h*gh pettyer' 
rho latter normally designated by HP', (e k HP12 instead oF U12). The 
'HP' cell has a Idr superior performance to a 'standard' cell where 
current drain is fairly high, and is thus always preferred lor radio 
control work Tin- "HP cell is also m.ida w ith kMhproof constmctinr 
1 h.ij is, Lhc casing, will not be eaten through, allowing the corrosive 
d intents to ooze out. as l.iii all too easily happen lit .in ordinary dr> 
cell which is left in situ and forgotten. 

Where dry cells are used for the receiver the other golden rule Is th.u 
new, ifesh cells should always be used at the slarl of each day s 
working. If fairly lengthy Mights ilje involved, il may even be advisable 
to change dry batteries alter every liiyhl Once used, all such dry 
haiSerifs should be discarded for Future radio operation. I hey arc not 
necessarily useless, however. I here will probably be plenty nf capacity 
lull in them for use in torches, or even iria small transistor radio. 

Fhe high throw-away rale necessary wiI h dry nils with fncctucni 
radio control operation! is a strong argument in favour of adopting 
nickel-cadmium batteries from the start, The same limitation does Hot 
necessarily apply Lodry hdttcries used tn single-channel IransmiLler-.■■. 
heri i larger battery can be employed, wiih a cDnsequenLly higher 
capacity. If the transmitter is rvtil lilted with an indicator showing tIn¬ 
state of Ebe battery, battery voltage should be checked periodically 
Measure the voltage across she terminals of the battery with the 
transmitter switched on. Once this shows a marked eJT"p imm the 
original voltage, the battery must bi changed. Always replan: with [he 
type of battery specified hy the transmitter manuf jclurers, as this will 
be matched on the current dram of the circuit A chungi in another 
battery lype. even if the same voltage, for enample replacing a FFJ 
battery with a PP3 could produce loss of tldflsmiliCt power and a very 
short battery l ifts The PP9 battery is rated for up tn 5(1 mill lamps 
current drain (and the transmitter clftmE may actually draw more than 
this). Tilt PP J battery, oh I he other hand, is not reully suitable i<uc 
current drains much in excess of If) mil lumps Drawing higher currents, 
from It can pull Lhc working voltage riglu down, arid dramatically 
reduce battery life 

Certain other types of dry batteries may be considered far radio 
contra I work, particularly in pencell size. The main one is the ufkalim' 
■mmganesi' battery, which oilers j much greatei capacity for the sumv 
physical lire and less 'drop off* of Vullage under load It is more suited 
tu higher ament drains Lhun even the 'HP' balltfy, .ind would be a 
better choice apart from the fact that it is considerably more cosily and 
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2Q.5 Cunn^i-iun i?l perform! n« of 
’■Liruljjij U 2 tu£| [A) and hlftll pGwci 
IIP? cell iFl > I l IL hand grip It tlmt'i 
Cpml |i ipns cif hi^lr current ilr.iin I cell; 
drtehiffi>rM; Hurouffh a resbtaow af J 
ohm for 30 minuses 4 cUy|. R-isht 
hind piph sI»qim low current drain 

iofilU.jl.iiih Krill dimJl Jilting ihfOUgll a 
rc-iieliPLi! or 3 DD alum [-ji 2 ho'.m a 
day). Reproduced from Dry Ceils 
.'. jJfL’iVL'i, frUbfliftcd by Model j Affltd 
Publications, 
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opiin h-.ts to be discarded before Sully ejthiiusted Nominal coll vuIliec tb 
ajpin 1,5 volts. 1L will have about elgflt to len times the life of j 
"stand if d' dry cell under current drains associated wlLh bin tile channel 
receiver circuit!,; ,md possitoly four Id five limes the life til an Til" Cell. 
The main difficulty is deciding when .in alkallne-mangancM battery has 
reached the end of Its-reliable life (Fdf radio working}. A reasonable 
check is to measure the VOlUge across the battery wilh thus receiver 
circuit switched on and Triggered' by j transmitter signal so thal it is in 
the condition of drawing maximum current. Provided the Indicated 
battery voltage is greater than 1.1 volts per celil, [he batters, still has 
some "sale' life left in it. 


SlmirlO ii.m 'n u-l <nijllirrse in which reads 
J0, SO, ISO uc 5DO vaEti, AC « DC i 
liwi three turarn! ranges; and pravkiun 
to UW 4S m fihrwneter, 
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SljIe julijH typEi i(e LIjihiiine flKJrt 
.in J morE inEuEit. NuL-c dummy 
-c-yl |n^(ers tiT tauhind Erigint Id girt 

1 rrsliilk ^Qur in-llne ippcjunec. Qul 
prjclkil rn-rtifel Mu feature* jre 
feiUlne'd, like Uii' iviriK? -'iL'Iil uri by 
suIjLu t b^UdS K-.lm Modctlw [vbpi-o, 
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21 WORKSHOP NOTES 


Wiring 



:ili- ». 


21.1 Siri:ilc i.;iuLi like 1 litw; uii 
jdtqujbe Ter cable lacing. 


Man modern commercial radio control equipment is '•prewired', 
meaning th-at dll interconnecting leads are already connected to match 
mg plugs and sockets. Connecting up lire circuit during installation is 
then simply h matter of plugging together [lie appropriate plugs and 
SOCkelsand mistakes jh: virtually impossible. 

Where individual installations ate concerned, the same practice 
shuuld be followed. All the leads from individual units should be 
terminated on mulii-pin plugs or sockets, as appropriate, rather than 
wired direct between units. This enables individual units, ta be div- 
connected readily, should this become necessary liu remove, ten 
example, a suspected faulty Uhit for checking, CM to substitute a 
replacement). All firing corniceLinns to plug or socket terminals must 
be soldered. The use of screw-type connectors instead is quite 
unsatisfactory as these can paovc unreliable in service. 

One basic rule also applies when Wiring to plugs or sockets. Wiring 
which tarries battery connect ion* should always be connected to 
socket*- This will, eliminate any chance of shorting the baitery circuit 
When lht plug and socket arc not connected. 


Piop and sockets 


A large variety of miniat Lire plugs and sockets arc available, most of 
which have been specially designed for radio control model installa¬ 
tions, Ihcsc are usually in 3 pin (three connections) si?e upwards to 
7 -pin (seven CO-noectKins). All are 'polarised' In some manner, making It 
impossible to Fii the piug and socket together other than in one particu¬ 
lar way, the only real limitation of miniaturised plugs and sockets is 
that the individual connection pin- an: small and dose together, arid 
ext I emc care may be needed when soldering Lhc wires in place really 
neat and qtlicienL soldering. Some modellers prefer In use larger plugs 

tcranks oi miniatera cliches, the dn[f ^kcls to avoid this problem, 
tii&ie* available Is o-Mcri bewildering. 

CLiiii.isin: I he imjllesL arid liglrteaE type 
k not jlwjyi jdviulic. 
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NiijL rTicllmd ii-f l ulIi mjc oTf surplus 
Icjd IrnyEhi when j*semiv|iniB p riTtrii 
c«rcu|6 H5|nfi niit ci.ppertl 


Ideally pint'! nuJ sockets ihi.mId be mechanic a 11} bounds logclhci 
once Installation is complete. Also plugs and sockets should be 
supported, m>t Id 1 to hung 1 r l- u. One solution is to mnunl 11 sockets on 
J separate- pdildj securely mounted in the modi*I Proprietary serva 
trays, designed toacocuTunodalcspecific typeset serttiv may have 
socket* or sockcL points Incorporated in the length of the I ray A very 
straightforward solution for mounting plugs ,md sockets., arid .it the 
same lime locking them together, is to fit a length ofservo tripe ar a 
ml table point in the model. Plugs and sockets arc then simply pressed 
onto the m rvo type. 


Wife 3 iiea 

Stranded insulated wire should always be used for circuit wiring, Small 
diameter stranded wire is normally deslgnared by two humbers separa¬ 
ted by an oblique. I he lit si number indicates the number oi strands 
and Tho second number the diameter of each strand or individual wire 
in Inches Thus H/lXM wire would comprise twelve strands of Q.<KM in 
diameter wire, in an insoIdled covering. Recommended sizes for general 
wiring are 12/004 or 14/0076. The tatter is to be preferred for escape 
mem wiring connections or other low voltage circuits where wiring 
FL’sistancc must be kept to dr minimum. 

Insulated wire of this type Es readily available in a range of different 
insulation colours, i.-e, red, black, blue, yellow, while, green, orange, 
brown and grey. I his enables circuit wiring lobe colour cr.-dcd for case 
of checking, It is imperative to adopt colour coding for wiring, to plugs 
and sockets, far example, in order to he sure that ifie through connec¬ 
tions match. 

In ,addition to single wires, groups q 1 colour-coded wires assembled in 
a common outer arc also available. These die generally known as cables 
and may be round or flat, with up to 9 or 10 individual colour-coded 
wires in the cable. I hc ciscoF cable eliminates the need foe 'cabling up' 


I nil ii [ht bum mt <">* Iron ler narmal 
wliitUnn v-ort. A smaller iron v*OH a 
smaller hit would be needed *tn 

wuikinj cm crowded prinlnJ erreuilv 
210 

































Multi-pin plua-md-Mckrt £<nin*tt*fi 
simplify wiling, but :k-,m iim ■ 

rciOmnwfttSild type Hind Lu^e-Lliur foh 
jJJiLlar.il scLUfilv, 


5'CJt insLilijIidn with [hart cable runs 
piuij^iny inp> s«k$!S J prillltlf 

clmoili nwuntinfl iumL 


runs of individual wires by Lacings or bindings, but round cabling is not 
always convenient to use where individual wires have to be taken onl -it 
different pernls along the cable rum. Hal cabling it cmnsidcrahly mure 
versatile in this respect. 

Soldering: irons and iolder 

Miniature electric solderirtg irons should be used lor making all soldered 
pnnncctbDn.s, The heat generated by ihc bit of nn electric iron is 
nominally specified by sis wattage. A lOor 15 watt iron is generally 
suitable feu making wiring connections, and is suitable fur use with bit 
sizes from 2/fi4 in diameter to 3/1 ft in diameter A 25 wati iron is the 
largest site that could be used, especially on printed circuit panels. On 
the other hand, a small iron is not necessarily the bc^L answer. It will 
lose its hufit rapidly, needing J Considerable pause between making 
consecutive joints or the bit to heat up again-and there is considerable 
danger of producing 'dry ' joints If the job is hurried, or not tackled 
properly. 

Only rcsin-cored snides' should be used, prclcrably of 60/40 Lype 
which i>produced tor hijth quality electrical work, The numbers 
designate Lhc tin/lead ratio of the solder. I he higher Hie tin content the 
lower the melting point of I he solder. 3 hns means that satisfactory 
joints can be produced with a lower bit temperature, reducing the r sk 
■uF damage to components through overheating. The difference In 
melting point ni a ftQ/40 wilder and a 4U/60 solder, for example, is 45 
degrees L. 

The right combfnation of iron wattage and bit sue can readily be 
judged by Ihu time il likes to complete a Suldered joint. The iron must 
be allowed sufllticnt lime to reach full bit temperature, which can he 
judged by ibe lacL that snider applied to the Lip o3 the bit will melt 
immediately arid flow over the lip. The time to Complete a soldered 
joint should l him be three or four seconds, no more. If the joint does 
take longer to cumplelc, and has been properly prepared by cleaning as 
necessary, then either the iron has nol had enough time to heat up, nr 
Lhe pi I i- too small lor Lh-.' joint area involved |i.c. too much heaL is 
being conducted away from the bit, cooling it down). In either use 
poor or ’dry' joints will result. 
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Supreme -c^ifripSai &T tht radio 
itli m |i' II i' jr l like [licit 1 miy IJ ke 
11' uuMr.dv uf hraifj (a complete. 
FiJIure nf j wpaJl laitlo HHnppr»ent„or 
< plug and wcktl CClfl IteitelOil whfth 
cotnei .ip.in In flight, iuuld ciuse j 

CWiptoi* u/rllUJl'. diet k -and 
re-f’lfL* -all tor nut Mans regularly, 
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On-atf t witches 



Tijiijjlt-ji-Lliora sw i"c'i may Tor 
circuit! Ljrr> in,j( hipher curranl*, 


bmll electric motor 1 uowef 1 drill ka 
harn.lv [oml for drillInu- primed circuit 
pjncti Aiwavi list J Very sharp ifrilt, 
and v.ink will- the cupper vide up, 



The l hu lee for an Oh Off swilch lies b«W'««n a logglc (lever action; .ind 
y|>.dc type. Clcncrai recommendJticins are that J loculi; switch is better 
for switching higher currents, although it is usually hulkicr and heavier 
than a slide swiLch. A slide.' swtlch is held to be iess reliable, although 
t his depends very much on I he Individual design of 'he switch, blide 
switch es with a true wiping action have Mtlf’dJeaning contacts ;iru,l om 
he equally, or even more reliable then toggle switches. Slide switches 
arc usually preferred 

1 he main enemies of a switch arc vibration and clamp of contamina¬ 
tion. Neither type should be susceptible tu vibration on a mndet 
installation and can be rigidly mounted, To avoid damporothei 
contamination to the switch, all switches arc best mounted intermillly, 
with their movement operated by an extension rod taken to the outside 
at a suitable point. This opening can he -seated wiLh a sample yurtlmct. 
However un-ofT switches are successfully mounted emerging from the 
outside of .i model aircraft fuselage, and provided th^ area is not in Lhe 
way of engine exhaust spray, seldom seem to give Lfoublc. External 
mounting on a boat, on Lhe otln" hand is very likely to give trouble as 
il is difficult to field a location which is positively free from spray at all 
times, 

Receivers using a single battery supply need only a single-pole OM-oll 
switch ir a separate servo battery is involved in the receiver installation 
a double-pale orncifl switch should he Used to switch this second 
battery separately ;md simultaneously from the ore switch. 

On older va|ye circuits both a HI and L-T battery arc involved. 

I hcurctically, aL least, il is only necessary lu switch the low tension 
battery un-off iisriu current can flaw through the-hlgl lervsicn circuit 
wilhrml lhe low lertsion supply besng present. I hi- Is not good practice, 
however, since il leaves the high tension battery potentially 'live* and il 
could discharge ihrough a circuil fault (e.g a faulty electrolytic capa¬ 
citor), (since Lhe negative side cil both batteries is common (lx. Corniei 
ted logether) a single-pole switch can conveniently he inserted in this, 
common negative lead. |t a separate actuator battery circuit, is also to 
he switched, then a double pole cwiich U required. Ibis would he 
applicable in receiver circuits only, ard valve receivers have long since 
wised to be ustd for practical radio control Installations. 
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Actuator, 6 , 10 , II, 15 , 11 , 54,55 et uyj, 

Lull,is, 60 , i+t 

fjulU, 64 

0, j| ki p ini; Ghosl, 8V 
imnirlUlinB, 1 39 

AttuiLori. pulse proportional, 78 
Ad jiismwni, r«dJ,97 
Aerial, 29, 30. 4 7 tl iecj. 
call, 47 
dipole, tt 

cfflcitncy, 
liii|Ihi F S0 
In.idiny mil, 50,52 
pHHitipnluK, 50 
rudiiiioh parlf rn, J2 
tuning, 5U 
wife, 141 
AF lilL£ii r It 
AF oscillator, 89 
AF Iljiit generator , 19 
Ahead and jsIleti switching, 1K3 
Aileron area, 12t , 

Aflercm control, 119 
AII Efftn Cd n Irolj »ingl c ch amiel ,113 
Aileron linkage, 155 
Aiiecon movement,. 1 71 
Aileron proportion*, 176 
Aiiivuh trim, 121 
ABerans, 1 75 e.' seg. 

Air-cored cga,.47,48 
Ahrili dcslfin r 167 ei s«r, 

Aircutl jras-lall alicms, |39<rtnf, 
Allgrmejil an it clearances or serins, 1411 
Al k al inc -m ingjnr su bal Lit v, 206 
Ailnc arson a I reeds, 93 Ft i4ij. 

Al l-iram iHW fece-isers, 1 6, 4 1 
All-iranshior transmitters,, 34,17 rt m/ 
Amateur Uiisd. 11 

Amcrimi i.niiu .uriEiol i iLucie'iLiiS, 1 I 

A mpl M inlt, 28, 8B 
Analog, (irniwfisoiViTl, ?3, 99, L05 
Analog ssrrsu, 100. 105 
Angled 6 eII cranks,155 
Angled hinyu lint, 15 1 
Anode |n*d, 33 
Ai »nJiura, 2J, 61, 189 
esc j.pemc nt, 56 1 1 aFg. 

Audio frequencies, 12,30 
Audio qont,-4 3, UM 

Automatic gain Ldnlftfl, 45 
Automatic stabnitv, 167 
Au*sHary comactt. nl,79 

Bitk contact*, 60 
Hind width, 101 
'Bang-hung. 1 actuators, 119 


' Ban£-b anjC tun 11 '.'1.5 1 , 109, 11 £, 123, IS 7 

'Bing-hang' controls Cor cars, 199 

Bar re i-type i*i rod lie, 161.162, 163, 164 

Basic radio lidk,9 

Basie. iransroU ter, 33 

Bask valve transmitter, 31 

flatteries, U, 15,37,67.69,203 tiftq. 

BiUefSej, centre-tapped, 35,92 

BiHery charters, 305 

Banc i y Install al Ion, 139 

flattery pack, 92 

Bakery perFnrman-re, cr-rnpsiu.mi ol, 207 

Bakery troubles, 69 
flattery railages, 69 
Bdlcnnlt movement, 14 3 
Bleed aiil-ustmenl, 162 
fllieep bcrs.es, 62 

■flUpfllng', 123 
Blocking capacitor, 3 3 
Boat imtaltallgra, 193 n seg. 
float motor control, 181 . r ret?, 
float -secondary services, 184 
Boar speed eoniml q, 1 a 2 ft vtf, 

Scuta, ,iJ lI- t: L'Nji ses vices ui, 18 9 
Rnmh dropping, 12E 
Bomb retcuc, | 19 

Aundirig, 14$ 

‘fl.nl I anting 1 , 38 

Bo-wden cable, 152,155 
Brake actuation, 156 

Cable movements, 152 
Cabling. I40.2IW 
Cap^t-ltor, 33.47 
Capacity Luninii, 4 7 
Carrier, 29, 43 

Carrier wave, 12, 13, 14.21, 30 
Cascaded actuators, 63, I 13 

■rjs-L.idih.il, 186 

CCi single-ckannel valve ttant-lnltier, 36 
Chars I r® * arteries, 204 
ChatslnE 13 FAC's, 704 
Clevil, 151 

Clevti fitting*, 149 c! \fij. 

Cllmbins turn, 111 
Clock cirLu’ll, lOl 
Clock cycle, 103 
Clockwork; escapement, 147 
Closed. loop l-ilj ta, 23, 100 
Coders, 86 
CuHerti receiver, 10 
Coil design par j.me WrS, 4E 
Cu-ll, escapement, 56 
Coil forirSCrS. 49 
6oilq, variable Inductance, 19 
Mod* coding, 2IQ 










Command diannei, 10-1 
CmnpiTitor ljt-l-u II. 103 
to mpu u ml e-scjpemf Hi , 5 9 
Cnntrnl Iwrn, I 5 1 rf Wp. 
t on Lroi modes. Ni r 149 

LontcUl iL'Li'jer-LX, 5 H 
Cunlml -.ign.nl ling, 55 
Control stl-ck, 53, 125, 1 33 i r wtf, 

I ■ >I’ll fill SurlaCt I'inues, If 3 
CunNrils, multi^lunnEl, 93 ft rtVJ. 

CoumKer, 103 

Coil pie l ill flron and rudder, 115, 121 
tdu i»led cuntpuli, 115,120,123 
Ciysl- I control, 35, 38 

CryUjl.cnntroJkd ttlJlUnltler, 35 

Crys4*k r 44 

Currant amplify 24 

Cun iL'nl change, 12 

CW, 33, 36 mw 


Damning, MM 
Ot bus, 45 

DtAC'i r 19 , 133 , 139 , 202 , M 3 ei i*j, 

Dead h.ir.ij. 104 

Decoders, 66,99 

Decoupling Km trail, 1 21 

[j«Uy circuits, tAS 

LiesIfill liyuul lor JirenfI, Ln4 

DcLLilur, 30, 31,43 

RSemI, 159 

Differs nrul ailerons, 176 
DrffcrantUJ bell cranks, | 55 
Dilicrenti.il movement. 95, 155 
Digit ai pnypfinuiiul, 24, 99 rt ret? 

Ulifllil rcetii.Tr, 100 I r! ecg, 

Dlgila: i«tvo circitil, 103, 1 CM 

Di s iLj| lysiEms, 24,99 el «4,.„l 35 el jwg„ I Jier it v. 
DifitJj LriilSmitrei, 99 et 133 f r «if. 

UihaJiil, 123, 167 
DiwlE, 4 3 
DipalE aerial, 5? 

Li Section il COlitred. I ll 7 
Distortion, 5b 
Diving turn, 111 
DrivEr Circuit, 100 
Orlwrtt^t, 3B 
Dropprhg raslsiof, IR2 
Dry bjiLlertei, 37, 204 nr 
Dust com, 49 

EI re l live length or lerint, $2 
Cmcicnc-y oJ leriah, 50 
Fi««ric motor eonirol, t8l er u?rj, 

Electric motors, supprevniner nr. «4fci 
Electric po^Eneit aircraft, 112 
electrical inlerfereiicc, &A, 69 
i Icctra-majnDtlt iiiuaiurs, 55 
tied runic delay circuiti, IR5 
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Electronic unistrs, 77, Bn 
ESCi-riunlc iwiCchera, B3, Iflfl 
Elevator area, HI 
Elevator control, 119 

Elevator cunlml, single-c*iirn*i | |j 
tie valor ham, 153 
Elevator kick mo ^ me nr, 113 
Devnor rnovtmrni., 129 
ECSVilW proportions, (21. 175 
El-fcvato r servo, 95 
Elevator trim, 119,121 
Encoder, I 01 
Engine lirn, 159 
Equivalent engine 4 its, HI 
t-vapemcni, 15,54,55,109 
action, 56 
a&.ib 

hold posiiioni, 59 
Unlage, Sfi, 141 rr sec, 
motor, S5,65, 143 
mounting, 141 
wqirtnce, 5 6 
speed, 5 b 

Escapemenls, J5 Vt se$. r T4 1, 1S5 
sve|<.-hinjj conutb, 60. If;5 
Etching, 39 

1 Fill -SotCtdi III ties, 115 

Fault-Trading, wnglc-tltanriei, 70 

FCC.lt 

reedback, i0Q 

Feedback putcnliumeLer, 33 

Five-function proportional, 128 

Flap dJTi, 121 

Flap Unit age, [56 

Flap movement, l2l, 156 

Fiap opwitlan. 1 28 

Flapemn, 1 JO 

Ftips, 319, 131, ISS 

Foam riHrber, I 39. 145 

F ullowur circuits, A4 

Furked Tilling!, 1 4 r l 

rorme-r woiftld nu2l, 49 

Four4unction proporllon^', 126, (28 

Four-firncilcm mniirtiEiers, 130 

Four-poslllon actualor, 1E3, 3R4 

FoUt-puvUlon sequence , 61 

rrcqiperify, 27, 33 

F ItqrjeI! l r pin iant, Til 

Frive ailEmn, 177 

r Fnlt house' in util, 122 

Funl^lu IcngHis, 173 

Galloping GhMt, 7B.AO, El, fl7 
aclUdlor, 83 ct ie«, 
tr anS’iiitterc, 3 3 
Li kiss Irbrc, 39 
Girding 1 urn, 1 n 


Glow molar,, 15? 

Himnonifs, 19 

Helicopter, 13 
Hoa, 27 

H power barer Its, 2f>6 
HiingCs., 152 c! Kg. 

Hole [Htsiiloat, Escapement, 59 
Hoi J signals. E>1 
HT, 34 

Hybrid cwcuirt, 317,91 
Hybild rettl-rei ,51 

Iitnnj; current, \2esseq. 

If stages,43 
IP i.'jn:I!3rTiCT, 1 I" 

Ire hang nstsvEroEnl s, 94 
Inductance, 4 ' 

III Jl-lC ivo [.iiiiiil;, 47 
■ n -f) nj,h E ptmtnpaphy , I IP. I7S 

Input plilw. 103 
Irviarfmancc, 134, 151 

In Llt mediate (rcqtiercy, 43 tf ;.e Q, 
I nli r maditl.illon, 10 E 

Irrpti aiserorw, 155, I ?b 
li«n-i!Dred cults, 4? 

IjiMaLlnlt ma n ii Li itj; 13b 

I oy stick caflfvuratloti, 1TO 
|i.i> 4Lk k lO nl rul, 5 b 

lleepEtv, 14- 7 

Kick fllOVJtur, 1 13. 142 

Kick in<rt«m-rni, I 13 


Lacing, 209 

Layout dlmfliHtomfor aircraft. 163 
Lcad-acId j-.i.uTii.lulor'i, 204 
LcstHi Lurn, I 1 I 
I E^tr-tnavEiriEtit harpllng, 192 
LI mit s <k kc fung, 120. 12^. 1 92 
Lux:,n outpul. 65 
Linear response, I D-d 

Llrwof-slglit transmission,^ 

Link dues. 56, 143 e\ ytq. 

Loading; coil, 5D 
Loop,I I I 

Loft wing muddy, MU 
Magnetic icru nor , 55, 57 r 7? 

Mj n *lLu tCOI r I’ 1 

Main canlrnU, 94 

Main flying canEtuls, 125 

Marcus .m l t, si licit T-tunncI, I IIJ 

Marine enurnei, 1C I 

Mailt dciettor. 65 

Mark space iaCiu, 22 , 75 , 79,217 

M ader clock, 102 


Master oscillator, 17 
Mechanical hinges, 153 
Mechanical linkage, 1 39 
Mi l | unicil puller, 77 
Met*] Imrps, 15 I 
MHr radw elands, 17 

Mk iui ji uds, -17, 4S 
f-1 il r-L'-ii L'-'ir ie, 47 

Micnrwwrtcll, U, 5(1 
Miniature switches, 20? 

V|»xcr .43 

Mode une proportional, 130 

Mode upE, proportional transmitter, 110 

Mode iwn proportional, 1 JO 

Mode rwo, propoi [tonal ttafiinilUBT, 130 

Model bojLi, 2?, 30, 179 rf setj. 

Model cart, 29, 3 |, 197 it teg, 

Model construe [Ion. 170, 171 
Midi L-l sices, 1 Ut, 170, 1 72 
Model yachts. 190*-; jp,j_ 

Modulated radio frequency signal, 29 
Mod oliEed sign*!, 29 
Modulated tone signal, 12 
Modulation, 39 
Module type unJt5 r 1Ql 
MOP A, 3*. 3-7 
Morse Ley, 10 
Motor interference-, 146 
Mu-tur speed cnolrol, 111, 142 
Mo torisetf actu ator, 62,64, 65, 143,144,146 
Movable canicols. 139 
Miilli-L.I jrniel, ID 
actuators, 21 

aircraft controls 11? etstq. 

.lire i tir d ail go, 123,177 
j.ireralt proportions, 173 
boats. I HT Ft fey. 
controls.93 er tey. 
werlttf, 19.B9 
system, S9 ft uvr, 

(rinsm-iiier moofe, 94 
tuning, % 

working. 1 7.49 t-r teq., 119 et tro. 

,Mul time Let. 207 
MultiplevEd signal, 99 
Multi 'servos, 90, ||J5 
'Mylar' bin^e, 153 


■Nivigj ' cuurtes, I 79 
■fJjviya 1 radio classes, I T9 
Neutral drift, 133 

Nlc,H LjJin um hillcri-tv, 15,11-1. 139.2112, 203 

Noise, 6B, 145, 15 1 

Noh wheel steering, t20, 144, 157 

tyytofi hincE, 152 

On-off witches. 2 09, 213 
Un-off Switching, 31 










On*‘■function p rnpnrt icm jii, 124/127 
Orif-mus-on* prcurorilonil, 136, 127 
llperallng p 'flrtlopal i 133 etsetf, 

O-sciHal^r, 33, H-a 
OverrSd* inown'ffU’s, 154 

Ovrrshuna, 1 Ck5 


Pulsed Sunc Signal .101 

Pulscr. 76.82,81 

PUWhgjM 

Pnth rod, 14 7 

PirSil-pii|l g-sc ilLa lor, 34 

Push-pull Output, 65 

Full- n i-II v^lri iraumlftitf, 35 


Parachute release, 1 28 
Pasolli*. 39, 58, 169 
Peak lb ding , SO 
Pcncdts, 2 06 
pennant, 76 

Plior crrw. Hi 

PiLch axil, I 6U 

PU^Lic hinges, 152, 153 

PI ms a^d sockets, 209,211 

Polypropylene hinge, 152 

F-n .L i.l i r i l ■.■ licence, l i 

Pglendomeiur, 21,77, I0Q 

IViwr i , 28 

Power iii'pl il .cr, 15 

Pre-flight check, 133 

lYcsibulCuri signalling. 1,1 

I'rr -wined equipment, 67 

Pic-wined radio units, S40 

Prewired receiver's, 45 

Prs-vrlred servpi, isa 

PpnEed circuit, 43 

Printed dfcuiL etc bliig, 19 

primed dcruk panel, 79,4 5 

Progressive actuator, 111 

Progressive- escape menl, 62 

Pragrassi^t servo*, 94 

PrnfinrLltHi.il actuator, 23 

Pfftporiic r.il aircr.ill tOdirots, 1 2S ft fttt- 

FrepertkHtil control, a, ID, 23, Stef *eq., 133 flrsrp. 

P r: pnr LkiiiJ| controls of bonis, 190 cl inq\ 

Proportional elevator, Si 

Proportional receiver raulls, 134 

Proportional rudder, 61 

Pmp, i rtinnat ifi'vO Faults, 174 

Proportional servos, 21,99 it siSdf.. 10b 

Proportional Frgpats, t(H 

pmpcriionjl systems, 74,99 ct s tq, 

Proftcrilnnal transmitter, 24, 106 

Pulse actuator, 75 

PulK generator, ID1 

Pulse omission coder, 6<1 

Pulse omission dCICClOtS, 85 

Pulse proportional, 74 er Si'l,'., 80 

Pulse proportion*! actuators, 7S tf iSp. 

Pulse proportional controls fpr bi-uts, 187 
Pulse rale, 74 et sty. 

Fulse sharing, ‘<02 

Pulse switch, NO 
Pulse transmitters, 76 
Pulse Iriffienng, 102 
Pulse widths. 22 r 101 


“CJukk-bHp' siuni.li.nji, 60, 61, ?Tt 


(twins model caai, I 97 
ftadi.it«on pattern, 29, 52 
Radio control airship, 10 
R adio control I ice IK.fi r 11 
Radio controlled bnaLS, 1 79 C2 J-rtr, 
Radio controlled cn-rv, 197 et sec, 
Radio Ireciotncy choke. 33 
Radio frequency spflEtrum, 27 

Radio WJTVBS, speed of, 27 

Raked IwK crank*. 155 
R.ak«J control horns, 151 
Rand L R1 acUaainr, 62 
Range, 29,33.67,68 

check, 97 
lack of , 69 
Ratchet braking, 60 
R/£ engines, 15 9 ef seo. 

Receiver, 9,12, 78 
ach.il, 46, 53 
comporicnl layout, 4? 
faults, 71 et sre, 
imtillathm, 95, 139 
tut Ikuii, 193 
protection, 1*F4 
Wiring, 141 

Rethui. 5 ln .13 batteries., 204 et trg, 
Reed adjustment, 9fr. 97 
Reed bank, IB, 69, 92 
Reed bank, mounting, 95 
Reed hanks, current values, 20 
Reed circuit, 19,20 
Reed contacts. >9 
Reed equipmerst, 119 
Reed receiver, 9 I ct \cq, 

Reed switching, 90 ft irq, 

Reeds, 1 6. 90 at itq. 

.1 Ideal in 11 ul, 9J 
Reference pulse, 103 
RclefsrKt pidse generator, 103 
Relay, 12, 14, 19,23,84 
rnnlacls, 19,70 
Fuulb, 71 er.seg. 
lullowe rs.&4 at s*q. 
latching, 189 e r ietf. 
receiver, 6 D, 90 et ie^, 

iRvt,1S5 
slugged, 1S5 

Retaytessoperation, 2(1 


FtC'-liv CvS nxL'ivt r, 14, f 5„ 1, 41, 
tttpeUiion rale. 104 
k«fciof, 33 

Rtsonoji l jcrisil lengths, SO 
Resjonam ffequem.v, 3 li, 30, 4 T 
Rctracijbk |4 t 

RF, 30 

fi F f requency, 4-1 
HI usiHlaLcir, 33,4k 
Rl" i lulpijf, JO 
RF sinful, 9, 12, 29■ 

RF wave, 25 

Rising incidence. ] 23, 174 
Ri[i.id tuning LniEi,49 

R ri(l(i[»ji arm I In k*gc, 5 

RdIIJII 

Roll dials, EbH 

Rdij.iv Jim auLpuE, 65 

RuEirv disc mi I pul, 65 

Rudder are j, I 2 I 

Hu.ldi.-r cnntmE,36, l Ml), r 19 

Rudder linkages, H7 

Rudder movErnirntp 1 71 

HiMlrtEr-only motS=L. 167 r( wg. 

Rudder ptomwliaiw, 175 
RikI dcr id rvti, 5 7.95 
Rudder (rim, 121 

Sail irjni.pni.rSi 191 
Sail winch, TIFT 

Secondary 3d u Jtu r, 60, 6 I, 111 
Secondary escapenvem, 142 
Stlii I>ve .ii.Luji :: ri-, 71, 109 
SeIcci iv r EvcspEjnen t, S 9 
Selective respewtst. 90 
SeI lc I iv lly, 16,4 J 
5dF-3iT| lining pu^ii rod, IS4 
Sdf-eenurliq lelminr, 22 

Sel T-cen Le ring control*, 125 
Self ■r*wil«sing aclualor, J7 ei ary. 

Sensitive relay, 12,14,7 9,23,44 

Sen ,i I iv itv , 67 
Sequence *ijnalHni. SS 
Sequence f wild her. I A3- 

Sci vo allDCJlicm, 94 
Servo Instillation, 144 

Setvo •>i v"u [, 91 

Servu lihk jg,e Jirarig^mcnti, 145 

Sejm i malar, 104 

5ervn rape, US 

Servo tray, [4a, 149 

Sewn hlrtflti, 152 

SIsee L h iLdin .5 , 191 

Short-range check. h9 

Silica gel, 194 

SUvci-iJm. battsrJM, 70-1 

Simultaneous -:»pcr.xli«in, iJU, 9}, 99 cf veg, 

Singlechannes, ID er set?., J3 er seg., 49ft tet?,, tjB ct wg, 


jijerah rlEijgn, 1 23 el wy. 

Hfl.il controls, 18 1 1. r ii\- 

iMinJl’l LunSUVLlinn, 1 70 

operation, 6S er wp. 
propur I icin jI, 74 ft teg, 

MCfl«ifl,41 

iroutik-ihodlldi, 71 
signalling, % 1 
tune [nuirmllter, JSB 
transmitters, 32 

Liut-blc-t.l 1 bating, 72 
SiK-runctwn proportional. 128 
Slave relay. 1S 5 
Slide iwjichee, 213 
Slow-moving vehicles, 200 
Slow running, 162 
Slewed telay, 185 
5-/7J actualor, IO? 

5,'.v Escapements, b2 

S7K movement, 5 9 

Solder, 211 

Soldering leans,2 17 

Spark-Ijriitksn engine, 10. 159 

Spark. It ansm liter, ID 

Special escapements.61 

Speed twitch Inj For boats, I S3 

Spiral dive, 109,111 

Split elevators. 152 

Spollcm, 156 

SpoL frequency, I 7, 26, 26,44,47 
Spray bar, 162, 163 
StabikeSalian, B-9 
Stall turn, 111 

Stan dard hatterks, 3D6 tt iti). 

SlEtnnK For cars. 197 
Stiended wire, 2 EO 
Strip ailerprvi, 155, | 76 
Subrtttutfar, F34 

5up r i I-ll receiv-erv, 14, 16, 17,31,43,89,91,99 
5 upEthci work ins. 44 
Superregen drculis.41 
6upurirum jccrl-vcr, 16,31, <1,67j B9 
Si®Er.me ( " e rariifE circuit, 12 
Suppm-Hon, 145. 146,1S4 
for boats, 1S4 

Formolnriscti actuafors, 146 
SvrItcti. 9. 34,4 3, S ft, 209,213 

SwiLi.ii paiLLlari, mul Li-channel, 94 

S-wrtcherl currEnt, 9D 

5witclwr drculE, 15,83.64, 185 rr it g. 

SwlEehen r S3, B4, 165 

Swl Lchi njj carcai ils for tioj tv, IBS ft yeg, 

Sw itching rlrcuMs for cirv, 1 96 ti aq. 

Switching contacts, fstd-tiemeniii with, 60 
Switching services for boats,, IF I et wig. 
5ynchronnationi, 10J 


TailwhEcJ iteeting, 120 
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adjustment. 9b 
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frequencies, 30 
geitf-rator. 35 
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I funnlors, 37,169 
Traiantlalon frequencies^ 27 
TransmilLej j bails 1, 9 
1 rauvnltter made?, proportional, lid 
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Tw-nTunclian tranucillLErS, 130 
1 w-o-trtus-cuw proportional, 126,127 
T wo-jMislLkin kiii Jlor, 113 
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Vibration, fr& 
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Waierprooling receivers, 193 
Wavelength ^ 28,3 2 
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Whip aerial, 53 
Winch-type jLtu-iitjrs. 191 
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Winq; incIcfrme, 167 
Wiper switches, 92 
Wire aerial, 13 
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